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ABSTRACT
EDUCATIONAL GAMES: A CASE STUDY OF CHILDREN'S RESPONSES
TO A MATHEMATICAL LEARNING CENTER, SPECIFICALLY
DESIGNED AND FOCUSED ON THE CONCEPT OF MULTIPLICATION.
MAY 1993
BATSHEVA GILLAT, B.A., UNIVERSITY OF HAIFA, ISRAEL
M.Ed. UNIVERSITY OF MASSACHUSETTS
Ed.D. UNIVERSITY OF MASSACHUSETTS
Directed by: Professor Richard D. Konicek
The purpose of my study was to explore and investigate how
children respond to the use of a new learning center, which is focused
on the concept of multiplication, and to the use of specifically
designed learning games. The literature review presented supports
the view that a structured approach to games, one where learners'
tactics are specified and guided, does have a significant educational
effect. This study was meant to be another test of the assumption that
games are a valuable addition to our repertoire of methods for teaching
and was based on the belief that games can generate enthusiasm and
excitement; and students can become strongly motivated by the use of
games.

The study is significant because very few studies have dealt,

empirically, with students "playing" educational games in the
classroom. Through my in-depth study, I intended to find out what
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happens to students when they play; what they think; how they get
involved in the game; and how an educational game, as part of a
learning center, can be included in the classroom.

Mainly, I would

like to emphasize in my study the unique part played by the
educational game in the curriculum.

The effectiveness of the use of the new learning center, in terms
of construction of personal knowledge, and construction of social
knowledge, was demonstrated. Playing with the games appears to have
increased

the

students'

involvement

in

the

process

of social

interaction which resulted in them creating a microcosm of society,
and

also

creating

their

own

knowledge

of

the

concept

of

multiplication. The results also indicate that playing, as a part in the
learning process, appears to have had a great impact on the students'
academic performance, in terms of their math and social skills. This
study has demonstrated that an inclusion of educational games can
provide an important form of interaction needed in the classroom.
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CHAPTER 1

INTRODUCTION

Introduction and Statement of the Problem
The principal goal of education is to create men
[human beings] who are capable of doing new things. Not
simply of repeating what other generations have done men [human beings] who are creative, inventive, and
discoverers. The second goal of education is to form minds
which can be critical, can verify, and not accept everything
they are offered. The great danger today is of slogans,
collective opinions, ready-made trends of thought. We have
to be able to resist individually, to criticize, to distinguish
between what is proven, and what is not. So we need
pupils who are active, who learn early to find out by
themselves, partly by their own spontaneous activity and
partly through materials we set up for them; who learn
early to tell what is verifiable and what is simply the first
idea to come to them (Duckworth, 1964).
Most adults tend to think of such things as fun, play, pleasure
and games as frivolous pastimes. We are likely to contrast "fun and
games" with the serious business of living. Children, on the other
hand, seem to know that playing is worthy of serious attention. We
must have known his concept too when we were very young, but
somehow we have forgotten; and we have created a dichotomy
between play and work, between "for fun" and "for real".
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Obviously children take pleasure in playing. They play whenever
they can, not because they are children and inadequate to face the real
responsibilities of life, but because playing is a real responsibility of
life. It is the one real responsibility of life that they meet better than
we do. And they are smart enough to stick to what they do best.
Children are people who are "becoming," and the games they play are
the work of becoming.

Games are considered valuable because of their strong ability to
motivate and because they are self judging. That is, the outcome of the
game decides the winner, and the player knows that she/he has won
or lost by her/his own actions. This, at least in theory, enables the
teacher who uses games to escape from the role of judge and to return
to her/his original function, that of teacher or helper for the student
(Coleman & Boocock, 1966).

Purpose and Significance of the Study

The purpose of my study was to explore and investigate how
children respond to the use of a new learning center, which was
focused on the concept of multiplication, and the use of specifically
designed learning games. The literature review presented supports
the view that a structured approach to games, one where learners'
tactics are specified and guided, does have a significant educational
effect. This study was meant to be another test of the assumption that
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games are a valuable addition to the repertoire of methods for teaching
and was based on the belief that games can generate enthusiasm and
excitement; and students can become strongly motivated by the use of
games.

My study was significant because very few studies have dealt,

empirically, with students "playing" educational games in the
classroom. Through my in-depth study, I intended to find out what
happens to students when they play; what they think; how they get
involved in the game; and how an educational game, as part of a
learning center, is included in the classroom routine.

Mainly, I

emphasized in my study the unique part played by the educational

game in the curriculum.

Rationale and Description of the Study

There are many persistent obstacles for making significant
changes in mathematics teaching and learning in schools. Among
these are the beliefs and dispositions that both students and teachers
bring to the mathematics classroom as well as the assumptions held by
school

administrators,

parents,

and

society in

general

about

mathematics curriculum and instruction. In order to change our
perspective about mathematics teaching and learning, we need
direction on how mathematics cam be taught and learned to enhance
the development of mathematical power.
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Educational research findings from cognitive psychology and
mathematics education indicate that learning occurs as students
actively assimilate new information and experiences and construct
their own meanings (Case and Bereiter 1984; Cobb and Steffe 1983;
Davis 1984; Hiebert 1986; Lampert 1986; Lesh and Landau 1983;
Schoenfeld 1987). This is a major shift from learning mathematics as
accumulating facts and procedures to learning mathematics as an
integrated set of intellectual tools for making sense of mathematical
situations (Resnick 1987). This view of learning is summarized in
Everybody Counts (National Research Council, 1989).

Effective teachers are those who can stimulate
students to learn mathematics. Educational research offers
compelling evidence that students learn mathematics well
only when

they

construct

their

own

mathematical

understanding. To understand what they learn, they must
enact for themselves verbs that permeate the mathematics
curriculum;

‘examine’,

'represent',

'transform',

'solve',

'apply', 'prove', 'communicate'. This happens most readily
when students work in groups, engage in discussion, make
presentations, and in other ways take charge of their own
learning.

All students engage in great deal of invention as they learn
mathematics; they impose their own interpretation what is presented
to create a theory that makes sense to them. Students do not simply
learn a subset of what they have been shown. Instead, they use new
information to modify their prior beliefs. As a consequence, each
student's knowledge of mathematics is uniquely personal (NCTM
Standards, 1991)
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I have a strong belief that the research will interest teachers,
parents, administrators, and every one else who is interested in
education.

Chapter 2, the Literature Review, examines the nature of leading
ideas derived from philosophy and the interrelationship of theory and
practice in today's world. This unit also examines the contemporary
scene in philosophy of education and attempts to shed light on the socalled hiatus that exists between some contemporary philosophical
movements. First, I present three major movements which fit under
the

active

learning

umbrella:

Active

Learning Approach,

the

Discovery/Inquiry Movement, the Experiential Learning Movement. As
an outcome of all of the above and based upon the emphasized
influence of the three movements,

I present the movement of

Educational Games on which I elaborate.

In a limited literature review, to give a detailed description of all
the advantages of gaming - the use of Educational Games - is
impossible. The evidence reviewed and shown suggests that games are
effective, both in terms of attaining teaching objectives and in terms of
motivating students to learn. But, the literature strongly suggests that
if games are to contribute to effective teaching, they must be fully
incorporated into the curriculum. The successful integration depends
on the teachers.
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Chapter 3, Method, serves to provide information concerning
the process of gathering data. This unit focuses on why specific
research methods were employed and how data were analyzed.
Specifically, this chapter will describe how I have entered the setting;
my manner of observation, the formal and the informal interviews that
were conducted and selected as one of the data sources; and how data
were eventually reduced and analyzed to produce themes describing
the students' behaviors and responses to the new learning center and
the context within which such behaviors were displayed.

In Chapter 4, I present the results of my study. First, a
description of the setting, including descriptions of the school, the
classroom and the teacher will provide a feeling for what the
atmosphere at this school is like for the observed students. Second,
students' responses will be described, illustrated with examples, and
discussed in relation to the contextual conditions which influenced
their emergence. Third, students' construction of knowledge will be
discussed in relation to the underlying influence of playing with the
games.

Finally, a subsequent chapter will be presented for purposes of
concluding and discussing the results of this study and how the
findings impact classrooms in the process of learning.
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CHAPTER 2

REVIEW OF LITERATURE

This chapter of the Literature Review examines the nature of
leading ideas derived from philosophy and the interrelationship of
theory and practice in today's world. This unit also examines the
contemporary scene in philosophy of education and attempts to shed
light on the so-called hiatus that exists between some contemporary
philosophical movements. First, I present three major movements
which fit under the

active learning umbrella: Active Learning

Approach, the Discovery/Inquiry Movement, the Experiential Learning
Movement. As an outcome of all of the above and based upon the
emphasized

influence

of the

three

movements,

I

present the

movement of Educational Games on which I elaborate.

The main theme and purpose in all the movements is to
enhance learning and make learning joyful. Learning is a lifetime
process.

It is

an integral part of being alive.

Consciously or

unconsciously, one or more of our senses is involved in every learning
experience. In many such experiences, what we learn is enhanced by
the deliberate use of as many senses as possible. Using all our senses
to their fullest capacity in all our learning experiences adds to the
value and satisfaction of these experiences. A lesson learned with
enjoyment is no less fruitful than one learned by grim application.
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Knowledge learned with gratification becomes knowledge to enjoy and
to share. The more we practice this kind of learning, the easier it
becomes to learn with pleasure. Thus, what we learn becomes part of
everyday living to savor for all our lives.

Active Learning Approach

An active learning mode, involves the student being mentally
and/or physically active. Students conduct their own learning;
discover their own answers, solutions, concepts and relationships;
create their own interpretations; and construct their own knowledge.
Proponents emphasize the importance of students being actively
involved in doing things in relation to their environment. These
activities can take several forms: such as working with objects,
working on projects, or being involved in investigative inquiry or in
reflective discussion.

Most of the proponents stress that physical action is as
important as mental action. Rousseau, Dewey, Piaget, Bruner, and
Kamii advocate physical activity. All of the movement models stress
physical and mental activity although the discovery model can involve
mainly a mental activity, depending on the teacher's role. For example,
if a

child

spends

time

in

a

chair

answering questions

until

experiencing a discovery, the action is more mental than physical. The
proponents and the literature on the movements define the resulting
learning as ability to engage in reflective thinking - that is, to solve
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problems

by defining the

problem;

by gathering,

interpreting,

organizing, categorizing and analyzing data; by forming and testing
hypotheses; and by drawing conclusions. In other words, through the
method of active learning (doing their own learning), the students
acquire the ability to think for themselves (construct their own
knowledge). There are different labels for this ability. Rousseau called
it reasoning; Dewey called it reflective thinking; Piaget called it
critical thinking; Bruner labeled it inquiry; Piaget, Von Glasersfeld and
Kamii said it is construction of own knowledge.

Advocates of active learning may differ on the details of the
concept; however, they all agree that it is not what is happening in
schools, described by Goodlad in a study he conducted in 1984 ;

...a lot of teacher talk and a lot of student listening
unless students are responding to teacher's questions or
working on written assignments; almost invariably closed
and factual questions; little corrective feedback and not
guidance, and predominantly total class instructional
configuration around traditional activities - all in a virtually
affectless environment (Goodlad, 1984).

For the

proponents,

the

concept of a cognitive

learning

paradigm is a major part of the underpinning for their active learning
models. Cognitive theory supposes a reciprocal interaction between
the student and environment in which the student's schemata (mental
structures - ways of perceiving and understanding) affect the student's
perceptions

of the

environment
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(experiences)

and

consequent

actions, and this experience in turn changes the student’s schemata
which

in

turn

influences

future

learning and

actions

on

the

environment (Piaget, 1954).

While the proponents, except for Piaget, do not use the terms
cognitive paradigm or schemata (schema), their theories of learning
express the same concept. They all refer to the role in modification of
something similar to a schemata: Rousseau called it a compound of
ideas; Pestallozi called it organized mental structures. To Dewey,
cognitive paradigm was intellectual integration; Piaget coined the
term schemata; Bruner talks of cognitive structures. Regardless of
what they called or call this mental structure, they all agree that it
influences the student's interaction with and perception of the
environment;

and

the

student's

ensuing

perceptions

of

the

environment, in turn, affect this mental structure.

Postman and Weingartner (1969) agree that the critical point of
any learning experience is the process and the environment through
which the learning occurs. In a traditional classroom, students sit,
listen and sometimes absorb information; but they rarely make
observations or solve problems themselves. The changes in the
student's mental structures (learning) in this kind of environment, the
proponents would say, are much smaller than changes in a student s
schemata when the student is active in or on her/his environment.

The question of amount and kind of teacher direction, guidance
and evaluation. and of classroom organization relate to the issue of
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student/teacher relationships in an active learning model. There are
two components to this relationship. The first is a communication
system, and the other is a student/teacher role component.

Communication system.

In an active learning paradigm, as

proposed by all the proponents and assumed by all the movements,
the student/teacher communication system is a reciprocal one. This is
contrasted to the traditional classroom in which the student/teacher
communication system is a vertical one in which the teacher at the
top transmits a message to the students at the bottom. Other
proponents describe this as a dominant/passive or sender/receiver
system. There are several problems with this traditional classroom
communication system:

1.

According to

Piaget

(1973),

in

a traditional,

one-way

communication classroom system, many students do not "hear" what
the teacher says. They "hear" what they perceive - the message has
meaning only in relation to how the student (receiver) perceives the
source (the teacher), the environment (classroom organization), and
herself/himself (including past experiences). When a teacher is talking
to thirty students at once, how many students have the same
communication framework as the teacher does is questionable, and
how many students receive the message as the teacher meant it.

2. Concerning the influence of the environment, McLuhan would
say that when

a teacher

transmits

knowledge

in

a

one-way

communication system, the learner (receiver) is learning something

besides the transmitted knowledge from that method of transmission.
For example, in this teacher dominated system, the student learns
indirectly that she/he is not capable of or can't be trusted in
discovering things by and for herself/himself. Thus, "the medium is
the message".

3. Another aspect of the student/teacher communication system
is "noise" (Seiler, 1984). If "noise" is anything that interferes with a
message, then there is more noise (interference) in a traditional
classroom communication system than in a reciprocal one. The noise
in a traditional classroom includes daydreaming, inattention, visual
distractions,

misunderstandings,

boredom,

lack

of motivation,

alienation and rebellion.

In a reciprocal communication system, however, the teacher and
students are both senders and receivers, both teachers and learners.
This system allows for the building of a common foundation of shared
knowledge

(Edwards,

1971)

through

a

process

of

continual

clarification, interpretation and creation and re-creation of messages
(I have experienced these situations while teaching technology and
arts. Students were encouraged to design and create their own
projects, to share their findings and give feedback to peers). The
incidental learning in this system is that the student is capable of
doing

and

thinking

for

herself/himself;

and

the

reciprocal

communication system eliminates most of the "noise" of a traditional
classroom even though, in fact, the classroom might be much noisier.
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The Discoverv/Inquirv Movement

Sputnik launched the Discovery/Inquiry Movement in 1957.
This launching was America's answer to the problem of producing
more and better scientists and mathematicians. Although discovery
and inquiry were always part of the Progressive Education and Activity
movements, suddenly Discovery/Inquiry was its own movement, or
approach.

If the active learning concept is a minefield as Wigginston
(1989) says, then the Discovery/Inquiry movement is a swamp - a
thick, murky, muddy, quicksand-like swamp. Discovery and inquiry
mean different things to different proponents of the movement. The
most common definition has discovery referring to self-learning,
figuring out, and inquiry. Inquiry most commonly has the same
meaning as John Dewey's reflective thinking and problem solving. To
make it more complicated,

the discovery of this movement is

Socrates' Inquiry - a questioning method which leads students to their
own answers.

Some describe discovery and inquiry as a two part process
where discovery is the first part and inquiry is the second; others call
the same two part process Discovery Part I and Discovery Part II
(Muthall & Snook,

1973). The method of discovery ranges from
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teacher questioning while students sit in their seats and eventually get
the "right answer" to students figuring out their own way to discover
and then carrying out their own discovery.

The underlying theory is as murky as the definitions but
apparently was derived from the fields of cognitive psychology, child
development and the study of creativity (Muthall & Snook, 1973). To
Bruner (1961), one of the main proponents and inspirations of this
method and movement, discovery is an intellectual act that occurs
when the student actively participates in the learning process.
Bruner's theory is that learning by discovery increases intellectual
potency, aids memory processing and leads to an intrinsic reward
system.

He (1961) and others (Muthall & Snook,

1973) believe the

method produces knowledge which transfers and develops problem
solving ability. They believe that the student doesn't just learn the
discovery insight but also learns the process of discovery itself, and
that discovery is the most meaningful kind of learning.

The emphasis on mastering an inductive process of discovering
knowledge, understanding the fundamental cognitive structures of a
subject, using intuitive as well as analytic reasoning, and relying upon
intrinsic motivation is encapsulated in a teaching method Bruner
(1961a, 1961b, 1986) calls discovery learning. "Discovery learning
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takes place when students rearrange or transform evidence in such a
way that they go beyond the reassembled evidence to additional new
insights" (Bruner, 1961).

Advocates of discovery learning see several advantages to this
approach to instruction:

1. Students’ active participation in discovering knowledge is seen as
leading to deeper understanding and better retention, greater
expenditure of intellectual and emotional effort,

and the placing of

a higher value on what is learned.

2. The emphasis on conceptual structure is seen as making subject
matter more

comprehensible,

minimizing forgetting,

making

transfer of knowledge more likely, and making the process of
progression from elementary to advanced knowledge, easier for
students to undergo.

3.

Achieving

insights

into

subject

areas

and

the

intuitive

understanding achieved by discovery methods is so intellectually
and emotionally stimulating that students will approach difficult
subject matter and time-consuming problems with self-confidence,
interest, and enthusiasm.

4. The discovery learning approach provides students with intrinsic
satisfaction,

independent of extrinsic rewards,

and,

thereby,

increases students' efforts to learn on their own in the future.
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5. The discovery learning approach results in students' learning
inquiry skills and valuing inquiry activities, enabling students to
work on their own without relying on directions and feedback from
other people, and increasing their ability to deal effectively with
unstructured situations in and out of school.

6. Discovering knowledge on one's own is fun and promotes positive
attitudes toward subject areas, school, learning, and inquiry.

7. Through participating in the inquiry process, students become
more active and aggressive in their learning and provide their own
direction for the construction of coding systems. Students doing
this begin to regard the teacher, other students, and the rest of the
environment as potential sources of information that can be utilized
for inquiry activities (Johnson, 1979).

The Discovery/Inquiry method was the basis for the "new math",
the "new science" and the "new social studies" of the 1960's. Most
discovery programs included hands-on activities and a strong leamingby-doing component, thus, its connection to the active learning
concept (Massialas,

1985). By the mid

1960's, education critics

(Bruner, 1961) were calling for a new and different education. While
the terms discovery and inquiry still exist in the literature and in a few
research studies, these terms do not approach the volume that existed
in the 1960's.
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While we are organizing inquiry situations to lead to discovery
learning, we should keep in mind that an inquiry situation is a means
to an end. Inquiring and discovering are not synonymous. It is the
intuitive leap to greater insight and understanding resulting from
inquiring that is the essence of discovery learning. Inquiry is a
necessary but not sufficient condition for discovery. Discovery is the
"AHA!" experience, and one can do inquiry without coming up with an
"AHA!"

Ever since the 1960s, teachers have been bombarded with
suggestions to forsake4 direct, expository teaching in favor of indirect,
discovery methods. Discovery methods seemed risky, much like
throwing youngsters into the deep end of a swimming pool so they
would learn to swim. Furthermore, discovery methods appeared to be
complicated and overly time-consuming. Most of the techniques have
not proven to be complicated or unusually time-consuming.

Wilcox (1987) suggested ten of the discovery methods that he
had found to be the most helpful supplements.

Warm-Ups: Warm-ups are short practice exercises to get
students in the mood to participate fully in indirect,
discovery type lessons.
Student 9uesti°ns: In using the "ask me about..." method,
once a topic has been introduced, the teacher answers
only those question that students ask.
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Examples and Non-examples: For different concepts or
important

generalizations,

a

list

of

examples

and

corresponding non-examples can usually be identified in
advance of the planned teaching episode (called also
concept attainment).

Class Discussion: There can be several forms of class
discussion.

Set Induction: Set induction is used mainly to teach an
object lesson. The attention of the class is focused on a
physical object or an experience that is common to all
class members. Then the lesson shifts to an abstract
concept.

4

Solving Problems: Almost any kind of problem will do to
begin the process of student thinking, whether the
problem be mathematical, scientific, creative, or value¬
laden.

Socratic Questions: Socratic questioning, as it is used
today, leads the students to recognize predetermined
concepts by focusing on a few carefully selected examples.

Appropriate Laboratory Exercises: To make a laboratory
exercise become a discovery experience, the teacher must
hold something back, either answers or directions or both.
The student must then try to figure out what has been left
out.

Suitable Class Demonstrations: The same principle applies
to

class

demonstrations

as

to

laboratory exercises.

Something must be held back if students are to discover.
Teachers must show and not tell. Or, they must show and
not tell all.
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Individualized Study Assignments: In this type of activity,
each student works at his or her own speed on a planned
assignment that is common to the class or designed solely
for the single student.

Individualized study assignments are given to heighten student
activity levels both in and out of class. To make a study assignment a
discovery activity,

the student's activity must be focused and

meaningful (Wilcox, 1987).

Robert M. Gagne has defined discovery learning as "something
4

the student does, beyond merely sitting in his seat and paying
attention" (1966). Ideally, students accept increased responsibility for
their own education, discovering and learning though their own
activities, both mental and physical, and not necessarily through the
teacher's activities.

In summary, studies of the Discovery/Inquiry method concluded
that the method motivated students to do more and resulted in
superior retention and transfer. Research also indicated that discovery
students participated more, learned to problem solve, and became
more independent. In the recent studies, discovery students show a
significant difference in comprehension and in the ability to apply
knowledge.
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Experiential Learning Movement

...all learning is experiential... But some learning (in
an educational sense) is more experiential then others
(Kolb, 1984).

To recognize that experiential learning is defined in a great
variety of ways, and that a universally acceptable definition does not
exist is important.

4

A variety of experiential learning models have been proposed
and serve as the basis for continuous debate among interested
professionals
Williamson,

(e.g.,
1979;

Coleman,
and

1973;

Joplin,

Kolb,

1981).

1974;

Gagner,

Greenberg

(1978)

1977;
has

transcended the academic debate and suggests something of use to
the practitioner; "Which theories (of learning) we choose may not be
as important as choosing something." In other words, for anyone in
the position of facilitating experiential learning to have a conceptual
foundation (e.g. model) upon which to test one's ideas and to base the
planning of learning activities/ contexts /events /situations is critical.
For the experiential educator to achieve and maintain credibility
within the academic community, is essential that the teacher will be
able to justify her/his actions at any given time while facilitating
learning. The teacher must be able to explain succinctly why she/he is
doing what she/he is doing and to what end she/he is working.
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Although the language differs, each experiential learning model
refers to some form of action, some form of reflection, and some form
of application. Processing is the reflection component, the pause for
each learner to consider what is important about that thing which was
recently

experienced.

To

emphasize

two

points,

however,

is

important:

1. The designer/facilitator necessarily expends energy in
planning before the learner becomes involved; and related
to this...

2.

A processing activity is a pre-planned part of the

learner's experience.

In

addition,

it

is

strongly

recommended by Quinsland and Ginkel that a processing
activity be designed to address all types of learning
includes cognitive [knowledge], psychomotor [skills], and
affective [feelings], and not artificially limit the focus of the
learner's experience through consideration of only one
aspect of development (Quinsland & Yust, 1982).

Processing is an activity which is employed for the purpose of
encouraging

the

learner

to

reflect,

describe,

analyze,

and

communicate in some way that which was recently experienced.
Communication implies action.

By utilizing active participation and active processing, the
learning will become even "more experiential." In relative educational
sense, the learner will be more "in-touch" with his/her own learning
through forced bridging or meaning-making which is caused by the
processing (Quinsland & Ginkel).
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The general notion that field experience and abstract learning
are mutually reinforcing is expressed most influentially by the learning
theorist David Kolb (1984). Kolb postulates a four-stage cyclical
process of learning: concrete learning is the first stage, reflective
observation the second, abstract conceptualization the third, and
active experimentation the fourth. Commenting on Kolb's

analysis,

Sugarman

learning

(1985)

writes,

"Effective

or

comprehensive

requires flexibility. Learners must shift from being actors to being
observers and from being directly involved to being analytically
detached." Another support of Kolb's analysis, Adolph Crew states:
&

When knowledge is learned in relation to use in
actual

situations,

permanent,

that

functional,

knowledge
and

becomes

transferable.

The

more
best

teaching-learning situation is the proper blend of actual
and vicarious experiences, of theory and practice, each
enriching the other (1987).

Kolb also inspired this statement by Duley and Permaul:

Too

frequently,

classroom

instruction

engages

students in observation (mostly second-hand information),
some reflection, and lots of theories. Seldom do students
have opportunities to assimilate independently a collection
of experiences or data requiring them to formulate their
own system of observing, not to mention opportunities to
generalize from the information gathered (1984).

According to Kolb, learning is an interaction of an individual
with an experience. During this interaction, an individual creates
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knowledge by transforming the experience into concepts. Because
most interactions modify concepts, there is a continuous creation of
knowledge. Learning will not occur unless there is continuity among
the experiences.

Further, the interaction that occurs has both

personal and social consequences. While individuals create their own
knowledge, they do it in a specific sociological context that influences
the situations in which they create knowledge.

Curiosity about a circumstance is what moves an individual to
learn. Curiosity then gives way to direction as the learner realizes a
purpose for learning.4 Kolb maintains that in order for learning to
occur, the learner must be willing to interact with the experience.
Once open to an experience, the learner grasps the experience in one
of two ways: either apprehensively, which refers to observing the
tangible aspects of a situation, or comprehensively, which refers to
understanding the concepts associated with the situation. When the
experience is grasped in one of these two ways, the learner then
transforms the experience into knowledge. This transformation is also
accomplished in two ways. It can be done actively where the learner
manipulates the situation or internally as the learner reflects upon the
situation. The means of grasping and transforming are dialectically
opposed. This dialectical relationship must exist. These confrontations
force the student to resolve the conflicts. Without the conflicts, there
would be little incentive to attend to the situation.

Resolution of these conflicts, which represent the learning
process, results not only in the creation of knowledge relevant for the
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learner but also in the furthering of his/her personal development.
The student learns how to anticipate experiences, plans for them, and
practices

reactions

to

these possible

situations. As

each

new

experience is dealt with, the learners integrate the knowledge created
from each new experience with knowledge gained from previous
experiences. Kolb argues that this integration provides the learner
with

increased

differentiation;

the

learner has

more

available

interpretations upon which to draw. Increased interpretations in turn
lead to increased levels in consciousness. The result of enhanced
consciousness is a personal liberation as the learner experiences
increased freedom and self-direction. But learning is also a social
process, and individual development is shaped by the cultural system
of social knowledge. Thus, the interpretations of experience are
guided by the cultural perspective in which the learner lives.

Kolb maintains that learners will not learn if they are not open to
experience.

Nor will

learning

occur if the

experience

directly

confronts the belief systems of the learners. Therefore, to implement
new ideas and to modify old ones that learners have, without
contradicting existing beliefs,

is

up

to

the

educator.

This

is

accomplished as the educator guides the learners in bringing forth
their beliefs,

testing them,

and

then

guiding the

learners in

integrating new ideas with old ones. Thus, the educator is the learning
process and environment since conditions must be created in which
both personal and social knowledge is created.
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All of the experientialists reject impositional education which, in
their view, is largely repressive and counterproductive. This is clearly
at odds with more traditional functions of education which have, as a
goal, the generational transference of social norms, cultural values, and
instrumental knowledge. Yet, for the experientialists, meaningful
learning generally emanates from the learners' personal and social
history

as

a

process

of

confronting

contradictions

in

their

understanding of themselves and their world. Learning is defined
largely in terms of self development and maturation. As for instructors,
content mastery is low ranked and relatively unimportant in respect to
the interpersonal and facilitative skills required of educators. But
perhaps the most significant idea is the one of the educator as
interventionist (Wilson & Burket 1989).

Educational Games Movement

As the crisis in education grows, so does the effort to interest
students in learning. Guidance counselors and psychologists are
employed in greater numbers. Frustrated teachers use more and more
techniques not only to enhance learning but also to make it more
palatable to students. Movies, slides, filmstrips and other audio-visual
materials proliferate. Expensive and elaborately illustrated texts
consume a larger share of school budgets.

Due to these changes in teaching techniques, teachers have
become increasingly interested in the possibilities of a relatively new
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technique-educational games; for they seem not only to involve
students and to absorb the interest but also to help them to learn
better than do other methods. Walter Cronkite in the CBS television
program "The Remarkable Schoolhouse" summed up the promise of
educational games when he said, "By participating, by playing a game,
an otherwise dull subject becomes fascinating and unforgettable to the
students." No more could be asked of any educational technique.

According to

Shirts

(1989),

when the Russians beat the

Americans into orbit with Sputnik in 1957, the nation focused on the
schools as the remedy for the technological inferiority. Suddenly
education was no longer the refuge of the academically inferior.
Improving schools became a national obsession. Within a few years,
world-class physicists had developed the "new physics", while a group
of the nation's best mathematicians developed the "new math." James
Coleman, a renowned sociologist from Johns Hopkins, received a
substantial grant to develop games for ghetto schools. At the University
of Michigan, Richard Duke, Fred Goodman, Alan Feldt, Layman Allen,
and others obtained financial support from foundations and state and
federal governments to research, create, and encourage the use of
simulations and games in education. The Kettering Foundation gave
the Western Behavioral Sciences Institute a large grant to explore the
uses of simulations and games in the public schools. The Comex
project was started at the University of Southern California to
integrate games and simulations into the university. This project was
exciting. People involved in the development of simulation and games
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for education in those days believed that they were on the way to
revolutionizing the way students would be taught in America (Shirts,
1989).

Boocock and Schild (1968) identified three early phases in the
field of simulation and gaming in education:

(a) Acceptance on Faith: The period up to 1962/3 which
they note was a 'time of great and diffuse enthusiasm'.
(b) The Post-Honeymoon Period (1963/5): A time of
caution

ip

response

to

unsettling

results

of early

experimentation.

(c) Realistic Optimism (1965/7): They observed that
during this period

the

trend was

'towards

renewed

optimism based on accumulated experience with a number
of games'.

But then something happened. In the late sixties and early
seventies, the movement lost much of its energy and optimism
(Shirts,

1989).

Interest in simulation gaming in education,

as

measured by the number of published articles and books on the topic,
has been declining since the peak years of 1971-1975 (Dorn, 1989).
According to Shirts (1989), several factors contributed to the slowing
of the simulation and games movement. Among them, in the mid and
late sixties, the national priorities changed: and the funding dried up.
When the Johns Hopkins project ended, for example, James Coleman,
Sarane Boocock, and others moved on to other academic pursuits.
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Plav and Learning

Professionals interested in discovering how children develop
their thinking capacities often remark at the enormous amount of
energy and interest that children expend in play as they go about
learning of the world and themselves in it. The child's fascination with
play activity frequently becomes an all-consuming interest which
momentarily shuts out the rest of the world. This play activity is a
microcosm of the biologically impelled need to discover. While play
has been mistakenly assumed in the past that is simply the child's
pleasure, educators know now that

playful interactions are a means

whereby the child learns and entails much more cognitive activity than
previously suspected. As language develops and the child recognizes
this as a remarkable means of gathering information to understand
more about the world, the questions began to fly. Researchers may see
in these questions the same of active engagement in concept
formation which the younger non-verbal child expresses in the
physical manipulation of objects or the control of the body in its
environment.

According to Swartz & Tetrault (1989),

exploring through

playful interactions provides an ever increasing understanding of the
nature of the world and the self in it. The child holds on to these
experiences to become skilled and knowledgeable—play activity
containing all the fundamentals of human interactions. A commonly
accepted notion is that play depends on and utilizes many cognitive
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skills--

seeing,

listening,

controlling

one’s

body,

deciding,

independence, dependence, restraint, learning and following rules,
memory, negotiating, reasoning, understanding others, understanding
one's

own

strengths

relationships,
creativity,

and

weaknesses,

setting goals, planning,

hypothesis

generation,

judging,

discovering

cooperation, organization,

coordinating,

inventiveness,

concentration. Play encompasses all this and more, yet children can't
seem

to

get

enough

of it.

Play

always

reflects

and

furthers

development. The child's physical, social, cognitive, and emotional
development are all enhanced through play. That a child learns new
things

in

the

same

old

way,

seeking

after

experience

and

incorporating these experiences through an expanding process of not
totally conscious discovery, as the total child develops is clear. While
the focus may vary, the stimulus to discover, remains the same (Swartz
& Tetrault, 1989).

Current Philosophy of Educational Games (Proponents and Games)

The proponents of using educational games mentioned earlier
stated strongly their perceptions and approaches to the use of games.
The use of games in the classroom to arouse interest and alleviate
boredom has been popular for many years. Role play and simulations
are becoming increasingly popular in schools and training institutions
to teach social skills and to develop an understanding of social
interactions. In order to play any game, however, or engage in role
play, to understand basic rules and to apply those rules to the activity
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is necessary. Otherwise the game becomes, at best, a pleasant pastime,
or, at worst, a daunting task. When dealing with young children and
with young people, the games chosen should essentially promote
development and encourage further activities. To simply add a few
activities on to the end of a lesson in not enough, and would be as
though sugar were being added to a bitter pill in an attempt to
improve the taste. Proponents have given educators a number of
guidelines which can be used to assess the suitability of games and the
benefits which might accrue.

According to Detoey (1916), the notion of "spontaneous activity"
is relatively obvious in the development of walking; but as the human
organism is extremely complex, so are the activities which must be
learned. This is why play is not simply a recreational or incidental
activity but is one that is essential for children; it is through play that
children learn naturally. As children mature and come to make
meaning of their social situation, their activities come more and more
to be directed by an end in view; play gradually passes over into work.
The child's habitat provides an endless array of stimuli. The teacher,
in selecting appropriate stimuli, must only present a microcosm of the
normal physical and social environment. When the child learns
through play, coordinated within a microcosm of the adult community,
the learning is part of the real world of the child and has social
significance.

As play becomes increasingly sophisticated, children learn to
engage in it with less and less participation from adults and with more
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from their contemporaries. Rules are recognized for the satisfactory
conduct of play. Play becomes more formalized as it passes into games.
Games involve rules. As Dewey said (1938), "no rules, then no games;
different rules, then a different game." The enterprise is cooperative,
and individual actions

are,

to some

extent,

controlled by the

interacting parts of the game; that control, however, is not external
but resides in the nature of the game. The game becomes, therefore, a
social organization "in which all individuals have an opportunity to
contribute something, and in which the activities in which all
participate are the chief carrier of control" (Dewey, 1938).
&

The point about play is that since it is by definition an end in
itself, if educational content can be contained in genuine play-form,
motivation for learning will be so powerful that the question of
"relevance" will never arise for the child. But this is most likely to
occur if the "play" used for learning consists of the types of games
which actually typify his/her natural play (Dewey, 1915).

According to Coleman (1966), Piaget has observed that the
simple games children play appear to be crucial means for learning
about and experimenting with life. Games constitute a kind of
introduction to life—an introduction to the idea of rules, which are
imposed on all alike.

Viewing learning as a process that goes on in and out of the
classroom, both Piaget and Bruner have stressed the importance of the
"play

element"

in

child

development.
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Bruner

declares

that

"observations of young children and of the young of other species
suggest that a good deal of their play must be understood as practice
in coping with the environment." Bruner and others have advocated
the use of strategy games in the classroom to tap this source of
learning motivation. As a result of playing certain newly-developed
games, the advocates assert children will see that society is an
integrated pattern and that an individual cannot change one part of
the pattern without other parts of the society changing it. Says Bruner,
"Games

go

a

long

way

toward

getting

children

involved

in

understanding language, social organization, and the rest; they also
introduce, the idea of theory of these phenomena. We do not know to
what extent these games will be successful, but we shall give them a
careful try. They provide a superb means of getting children to
participate actively in the process of learning—as players rather than
spectators" (Bruner, 1966).

In Piaget's opinion (1962), serial memory games have been
found

to

be

highly

motivating

and

helpful

to

children.

The

combinations of games may be used to enhanced memory, left-right
discrimination, geometric-figure, letter, and number identification.
These games and strategies represent only a brief introductory look at
the possible ways in which teachers and parents may aid children to
remember better. Memory, as Piaget stated, is the basis for more
complex and exotic intellectual processes (1962). A good memory
provides the data, the basic "stuff that may then be used with new and
creative problems or may be analyzed or synthesized in a variety of
ways.
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These games are intended to provide not only happy series of
moving "things" to remember but also to enable a teacher or parent to
help

to

discover useful

memory strategies.

Thus,

the

use

of

visualization techniques, the processes of "chunking", of forming
associations, and of vocalizing about what is to be remembered should
not only aid the child to learn academic tasks better but should also
provide a foundation for the activities followed (Piaget, 1962).

Bruner effectively summarized the value of play in learning as
follows:

Play appears to serve several centrally important functions.
First it is a means of minimizing the consequences of one's
actions, and of learning therefore, in a less risky situation...
Second, play provides an excellent opportunity to try
combinations of

behavior that would, under functional

pressure, never be tried (Bruner, 1972).

According to Piaget (1965), as part of children's exposure to
cultures unfamiliar to them,

games can present material that

otherwise is highly unfamiliar, strange or abstract. Because African
cultures (for example) may be unfamiliar to some American children,
games from these cultures can provide an enjoyable means of studying
some of these cultural aspects. As they play African children's games,
teachers can have fun with their students and can learn along with
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them. Because play is common to all children, the games should be an
integral part of the social studies program for elementary children
(Piaget, 1965).

Bruner (1983) sets forth an outline that is, to his opinion,
fundamental functions of play in activity of children.

First: to play implies reduction in the seriousness of the
consequences of errors and of setbacks. In a profound way, play is an
activity that is without frustrating consequences for the child even
though it is a serious4activity. It is, in a word, an activity that is for
itself and not for others. It is, in consequence a superb medium for
exploration. Play provides a courage all its own.

Second: the activity of playing is characterized by a very loose
linkage between means and ends. Children do not only pursue ends
and employ means to get them in their play, but they often change
their goals en route to suit new means or change the means to suit
new goals. Nor do they do so only because they have run into blocks,
but out of the sheer jubilation of good spirits. Playing provides not only
a medium for exploration but also for invention. Closely related to the
previous point, the characteristics of play are that children are not
excessively attached to results.

Third: in spite of its richness, play is very rarely random or by
chance. On the contrary, it seems to follow something like a scenario.
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Fourth: play is a projection of interior life onto the world in

opposition to learning through which we interiorize the external
world and make it part of our selves. In play we transform the world
according to our desires, while in learning we transform ourselves
better to conform to the structure of the world. This is an extremely
important activity for growth. An activity that gives a special power to
play that is heady and, sometimes, a little frightening.

Finally: play gives pleasure. Unless one bears in mind that play is

a source of pleasure, he/she is really missing the point of what it is
about. Play is free and seemingly for itself, for play so often used to
achieve ends which we may have in mind.

If we look at the way in which play is structured in order to
instruct our children, however subtly in the values of our culture, we
can take competition and competitiveness as a case in point: we often
encourage competition in play, indeed from a very early age use play to
instruct our children how to compete well.

According to Bruner, there is no question that games of
childhood reflect some of the ideals that exist in the adult society and
that play is a kind of socialization in preparation for taking a place in
that adult society. Many educators would agree that to be conscious
about how much competitiveness we encourage in the play of children
is important, lest we create so much of it that something of the
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freedom of play is lost. To use play as an agent of socialization in some
spontaneous way is one thing, but exploiting it is somehow a different
matter (Bruner, 1983).

More recent research based support comes from the work of
Piaget, who believed that motor activity is of great importance in the
development of spatial thinking (Piaget & Inhelder,

1967). Other

scholars have extended Piaget's work concluding that much cognitive
learning is enhanced through development of a sense of touch and
coordinated hand movement.
According to Piaget arrd Inhelder (1967) :

Children enjoy games and find them interesting. The
games provide development of hand-thinking and its
integration with visual thinking, which fosters a stronger
and more stable understanding of basic concepts of
relative position and direction.

According to Bruner (1983), to play is not just child's play. Play
for the child and for the adult alike, is a way of using mind, or better
yet an attitude toward the use of mind. Play under the control of the
player gives the child her/his first and the most crucial opportunity to
have the

courage

to

think,

to

talk,

and

perhaps

even to be

herself/himself.

Kamii's research in 1982 on first-grade arithmetic is an example
of setting up the classroom to encourage the constructive process in
children's heads. The research has been done in the classroom of
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Georgia DeClark, a graduate student of the Masters program in Early
Childhood Education. Kamii and Georgia started with two ideas routed
in Piaget's theory. The first one was that if children know what "three"
is and what "two" is, they conduct for themselves the sum of three and
two, without any instruction. The second idea was that if children
repeat the addition of three and two often enough in games, they
cannot help remembering the result. In more then six years of
research at Circle Children's Center (CCC), Kamii had seen many
kindergarten children memorize sums with the greatest of ease while
playing card games and dice games. Based on her experience at CCC,
Kamii asked Georgia* to throw out of her arithmetic program all
instruction and all worksheets, and to use, instead, only two kinds of
activities—games and situations in daily living, such as the counting of
votes to make a decision. Kamii explained:

I am against worksheets because children learn the
wrong things from them and very little that is positive. For
example, if a child already knows the sum of three and
two, he does not learn anything new by writing the answer.
If he does not know it, having to write the answer after
counting on fingers prevents him from remembering the
numbers. When a first grader thinks about how to write '5',
he cannot think simultaneously about 'three' and two’.
Furthermore, once he writes the answers, he turns the
worksheet over to the teacher and the responsibility of
checking the answers is handed over to the teacher. When
the corrections come the next day,

children cannot

remember what they did and usually don't even care. They
are thus ready to make the same errors all over again.
Through worksheets, children also learn that the truth can
come only from the teacher's head. Group games are much
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better than worksheets because if, for example, a child
says that 3 + 2

= 6.

he is likely to be corrected

immediately by the other players. Children are mentally
more active in games than while working on worksheets.
In a dice game, children do not only their own additions
but also everybody else s work as well.
Worksheets

encourage

heteronomv.

that

is.

obedience, submissiveness, dependency, and. in short,
being governed by somebody else. It is the teacher who
decides which worksheets are to be completed and when,
and the teacher which answers are correct. When games
are used, on the other hand, the teacher is neither
omnipotent omniscient. On games it is the children who
decide which game to play and with whom. It is the
children who check each other s answers and decide what
to do if someone cheats. Games thus encourage children to
become

more

autonomous

socially,

morally

and

intellectually (Kamii. 1982).

Kamii and DeVries (1980) define group games as those in which
children play together according to conventional rules specifying
some pre-established climax (or series of climaxes) to be achieved,
and what players should try to do in roles which are interdependent,
opposed, and collaborative.

Many attempts have been made to define GAMES. These efforts
have involved making distinctions between outdoor or indoor games,
as well as identifying person-machine, person-person type of games. I
have limited my review to articles and books about the use of all-
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person" games in education and teaching. By "all-person" I mean
games that are played by people with people, to differentiate from
games that are played by people with computers.

The notion that children take pleasure in playing is perfectly
obvious. They play whenever they can, not because they are children
and inadequate for the real responsibility of life, but because playing is
a real responsibility of life. The one real responsibility of life that they
meet better than adults do. And they are smart enough to stick to what
they do best. Children are people who are "becoming," and the games
they play are the work4 of becoming.

Educational Games—What are they?

The design of educational games is different from that of games
designed primarily for entertainment, although their forms may be
similar. An educational game's objective is to educate, not to entertain.
Entertainment becomes an instrumental value, rather than the
designed objective. In entertainment games the object is just the
opposite; for achieving the maximum of entertainment, the players
must be "educated" in the game's possibilities (Boocock & Schild,
1968).
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In trying to find a definition for Learning Game or Educational
Game, I came across two other definitions:

1) Von Neumann and Morgenstern stated that a "game" is the
"totality of the set of rules which describe it," whereas a "play" of a
game is a "particular instance at which the game is played—in a
particular way—from beginning to end." Similarly a "move" is "the
occasion of the choice between various alternatives, to be made either
by one of the players, or by some device subject to chance, under
conditions precisely prescribed by the rules of the game", whereas a
"choice" is "the specific alternative chosen in a concrete instance—i.e.,
in a concrete "play" (Von Neumann & Morgenstern, 1947).

2) Abt defines a game as a "contest (play) among adversaries
(players) operating under constraint (rules) for an objective (winning,
victory or payoff)." Stated less formally, a game might be defined as
something enjoyable--however serious—involving competition for
specified objectives and observing rules (Boocock & Schild, 1968).

I have examined other theorists' approaches and their ways of
developing the concept of learning games or educational games. My
findings are presented on graphs.
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Learning Through Games

"Delightful!" "Thrilling!" "Absorbing!" "Neat!" These and many
other terms have been used by youngsters that I observed to describe
educational games. In fact, students seem to find the usual honorific
adjectives inadequate and tend to precede them with adverbs like
"extremely" and "terrifically." Although evaluations of games tend to be
inconclusive and contradictory, on one point there is no disagreement:
young people enjoy games, even games whose primary purpose is
"educational" (Nesbitt,* 1971).

Playing games is a very old and wide spread form of learning.
The child first comes to understand the meaning of a rule-that a rule
must be obeyed by all-in a game with others where, if the rules are
broken, the game does not function (Coleman, 1967).

Learning through games has a number of intrinsic virtues. One of
these is its attention-focusing quality. Games tend to focus attention
more effectively than most other teaching devices, partly because they
involve the student actively rather than passively. The depth of
involvement in a game, whether it is Basketball, Life Career, or Bridge,
is often so great that the players are totally absorbed in this artificial
world.

Another virtue of academic games as a learning device is that
using them diminishes the teacher's role as judge and jury. Such a role
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often elicits students' fear, resentment, or anger and gives rise to
discipline

problems.

Games

enable

the

student

to

see

the

consequences of their actions in their winning or losing. They cannot
blame the

teacher for their grades;

instead,

they are able to

understand the way in which their own activity is related to the
outcome. The teacher's role reverts to a more natural one of helper
and coach. Therefore, games must be designed to give accurate
feedback to students so that they can measure the results of their
actions.

In developing art appropriate sense of consequences contingent
upon action, the amount of chance in a game is quite important. If a
game has the appropriate mixture of chance and skill, persons of
somewhat different abilities can play together; and success will
depend in part, but not entirely, upon their relative skill (Coleman,
1967).

Still another virtue of academic games is the range of skills a
game can encompass. A teacher's class presentation has a fairly narrow
range: Some students fail to understand unless the content is very
simple; others are bored when the content is too simple. Games,
however, can encompass a much larger range of skills. One example
indicating the wide range of simulation games is the successful use of
the "Representative Democracy Game" with high school classes of slow
learners and, in identical form, with a group of faculty and graduate
students in political science and sociology. (Coleman, 1967).
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There is no question that games, when properly used, can have
value. When used in conjunction with other materials, they can provide
useful points of departure for discussion. At best, then, games can
supplement other education programs, making real and vivid material
that often seems abstract in a textbook. If nothing else, they can help
the player feel the complexity and multiplicity of factors that must be
considered in decision-making. And conceivably they may increase the
confidence of young people to deal with real world problems that
seem impossibly remote from their own lives (Coleman, 1967).

A question that is raised is, why are games intrinsically
motivating. To suggest an answer to this question is necessary to refer
to the literature on the role of "play" in the formation of both societies
and individual personalities. To anthropologist Johan Huizinga, the
play-element

is

a

"culture-creating

force"

without which

real

civilization cannot exist (Huizinga, 1955). Philosopher George Herbert
Mead has contended that through play, with its role-taking activities,
that the child learns to relate to the outside world, what Mead calls
"the other." To Mead the difference between play and games is that in
games, with their rules and regulated procedures, the child must have
the attitude of all the others involved in that game. Thus, Mead
suggests that games are illustrations of the social situation out of which
a fully developed personality arises (Pfuetze, 1954).
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Typical of the sanguine view is that of Clark Abt:

Educational games use the student's way of viewing
things. They present concrete problems in a simplified but
dramatic form that mediates between abstraction and
confusion, between dry theory and multi-variably reality.
For

elementary

school

children,

educational

games

translate the child's primarily concrete, intuitive thinking
into a sequence of dramatized possibilities that expands
his awareness of hypothetical alternatives and fundamental
relations. The child deeply involved in the concrete
activity of educational gaming becomes aware of formal
relationships

by

direct

experimental

manipulation.

Pleasurable rewards for manipulating formal relationships
effectively are fed back immediately in the form of game
success. Elementary school children tend to focus on only
one aspect of a phenomenon at a time, greatly limiting
their ability to comprehend phenomena with even a few
interactions

among

elements.

Games

present

simultaneously progressing multiple interactions that can
be examined one at a time, and then gradually together
with increasing comprehensibility...
The
structure

student
among

player

gains

a growing

sense

of

the

game

variables,

with

a

correspondingly growing sense of structure of the subject
simulated by the game. This can expand the student's
attention span and intellectual confidence. The more
densely packed a game is with such structure (up to a
surprisingly high degree of apparent confusion), the longer
the learning episode that can be tolerated by the student
without fatigue or loss of interest. The longer and more
concentrated

the

learning

episode,

the

greater

the

student's understanding and confidence in the intellectual
satisfactions of subsequent episodes (Abt, 1965).
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There is no question that games, when properly used, can have
value. When

used in conjunction with other materials, they can

provide useful points of departure for discussion. At best, then, games
can supplement other educational programs, making real and vivid
material that often seems abstract in a textbook. If nothing else, they
can convey to the player a feeling for the complexity and multiplicity
of factors

that

must be

considered

in

decision-making.

And

conceivably they may increase the confidence of young people to deal
with real world problems that seem impossibly remote from their own
lives (Carlson, 1969).
4

Play serves as a powerful motivator for many children. It is a
vehicle for learning that provides unique opportunities to strengthen
interest and motivation. One reason for this is the fact that play is
freely chosen by the child. Having selected one of several available
activities, the child feels more in control, more able to make decisions
about the direction the play will take. If no one has forced the activity
upon the child, motivation is high.

Play is also a process-oriented activity. The end product is far
less

important than

the

process

of actually playing.

Failure,

embarrassment and incorrect responses are infrequent in the play
setting. This builds self-confidence and motivates the child to engage
in further play experiences (Henniger, 1987).

Play is hands-on activity where children are learning by doing.
Children in the play experience are not passive observers; but rather
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they are actively engaged in moving, manipulating and exploring
things in their world. Not only is this hands-on experience fun, it is
also highly motivating to the play participant.

Clearly, this motivation to learn is important to any educational
endeavor. Without it, the task is a slow and difficult one. The fields of
mathematics and science are not exceptions. Students need the
motivation to strike out with enthusiasm into unknown areas, seeking
to learn and grow from the rich experiences presented to them. Play
helps nurture this attitude in many children (Henniger, 1987).
4

Besides introducing ideas, games are useful for reinforcing skills
and concepts. Most children need to "rest" for a while before
progressing on to the next item in the concept/skill development list,
and playing a game relevant to the work they have just done helps
consolidate their ideas. Games may also help them retain addition,
subtraction and multiplication facts. One child turning over a pack of
cards with sums written on them can try and beat his friend who is
doing the same sum but on a calculator. The facility they acquire by
playing this game will help them in the more formal situation of doing
operations on paper and also help to obviate the use of fingers for
counting.

The wise teacher constantly assesses her/his children's work,
and games can often be used as an assessment tool. While the children
are doing their mental calculations some holes in their knowledge can
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be identified; and because of the relaxed nature of games, no child
should feel threatened when asked to play a game with the teacher.

Games are also useful for helping children to develop logical
thinking. The child who has been taught certain skills while playing
with logiblocks and has been shown how to lay out blocks in order to
identify and classify can often abstract from those skills and use the
knowledge in problem solving and investigation work. To be shown
how to anticipate other players' moves is found to be helpful by many
children.
4

Some children who have difficulty with verbal skills can still play
games. They use body language and move pieces in order to indicate
their thoughts, and adults can offer appropriate words and phrases to
help that child.

Many math algorithms rely on the child's ability to make sense of
the written word, the mathematical content seeming to take second
place; and children who use these algorithms are labeled "slow" and
"poor attainers". Games provide these slow readers with a chance to
use and develop their skills and concepts with no threat from "the
written word".

Whether educators are using games to promote new concepts,
reinforce old ones, motivate retention of number facts, assess already
formed ideas, or just to provide children with healthy competition,
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the practical teacher will make sure that above all else, games are fun;
fun and challenge that is within the reach of the child (Williams 1986).

Games in Education

Avedon and Sutton Smith (1971) state that the students learn by
playing games. A closer reading suggests, however, that the most
important feature of the games may be that the students enjoy
themselves more while they are playing than when they are not. So
that whatever they learn (whether it be as much as usual, or less), is
learned with enjoyment. This, in turn, perhaps contributes to the ease
with which teachers can manage their students. Games may be so
acceptable because they solve motivational problems for the students
and management problems for the teachers,

not unimportant

considerations in an age of "drop outs."

Critics argue that many of these "educational" games do not do
what they are supposed to do, particularly in the elementary school.
They say that children lose sight of the objectives, see games in a fun
context and do not really learn anything by playing them. On the other
hand, those in favor of games suggest a Mary Poppins type of
argument-"A spoonful of sugar makes the medicine go down!"
Regardless of the reasons, the use of games in the teaching of
academic subjects is so embedded in instructional technique that the
only issue most school teachers are really concerned with is whether
they can find a suitable game for their purposes.
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Texts for the elementary teacher indicate a variety of ways in
which games can be used in the elementary classroom. In addition to
the usual methods for teaching reading, the teacher today has at
her/his command games that are said to help children learn the
alphabet or games that enhance word recognition. Other games are
used to teach vowel sounds, initial consonants, consonant blends,
syllabification; to increase vocabulary; to stimulate interest in reading;
or to help "build general cultural

background." When time comes to

teaching writing, there are games such as acrostics, anagrams, and
crossword puzzles. There are others that assist in teaching to write
sentences, to use games to expand oral word usage,

auditory

discrimination, and articulation (Wagner, 1964).

In general, the rationale for using games is that they help create
an "atmosphere" in the classroom in which students at various levels of
ability can work together to acquire communications skills, develop
desirable attitudes, and instill correct practices (Wagner, 1964).

Effectiveness and Limitations of Educational Games

With the increasing availability of educational games, a balanced
evaluation of their effectiveness and limitations is needed so that their
contribution to the learning process can be in proper perspective.
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Despite the

enthusiasm among curriculum innovators

for this

particular medium, more critical testing should precede authoritative
judgment.

Nesbitt (1971) discussed the efficacy of educational games in the
learning process. Unquestionably, their impressive effectiveness in
stimulating student interest and

involvement is the greatest strength

of games noted thus far. Because of the excitement surrounding the
playing of the game, the attention span is appreciably lengthened.
Games are also successful in focusing the student's attention on a
particular set of concepts or factors.

A second advantage of games is related to the psychology of
human relations in the classroom. The dual role of the teacher as
teacher and judge is a formidable obstacle to learning (Boocock &
Coleman,

1966).

The judicial

activities

of the

teacher arouse

resentment and hostility among students. Games overcome this
problem by being self-judging; the outcome decides the winner and
indicates satisfactory and unsatisfactory performances. The teacher,
thereby, escapes the role of judge; and, thus, one source of classroom
hostility disappears.

The immediacy of feedback to students is a third strength of
games.

They

not

only

generate

feedback

on

unsatisfactory

performances quickly but also provide immediate reinforcement to
those adopting correct strategies.
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The fact that games establish contingencies according to which
success depends upon effective play provides another advantage.
Students clearly learn the relationships among strategies, decisions,
and outcomes. They develop skills at bargaining, negotiation, and
compromise--behaviors

which

are

not normally encouraged

in

classroom interactions. The necessity of making decisions under
conditions of uncertainty leads students to develop strategies which
take account of risk and probabilities. These are skills which are
difficult to develop by use of other media.

The temporal dimension of education highlights a fifth strength
of games (Seeman, 1966). Most teaching is directed toward a distant
and hazy future, one which is so far removed from most students that
it has little direct relevance. Games bring either the future or the past
into the present, allowing the child to play roles and enter into
situations that she/he otherwise only glimpses. To succeed in the
game, she/he must abide by the rules and survive the moves of other
players. The interaction with other players, the game rules and
environment, and the player objectives all contribute to the student's
acquisition of society's values and norms. In this way, games may
contribute to the socialization of the child.
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Problems and Limitations

One controversy which surround the use of games is the amount
of learning which actually takes place. The obvious enthusiasm of
students during games has led many educators to assume that learning
must correspondingly be considerable. Yet an enjoyable experience
may not always be an enlightening one.

The measurement of learning is itself a thorny problem.
Establishing evaluation criteria as to what the game is teaching, and
creating tests capable of discriminating among the various types of
learning, is difficult. Since games are not closed systems, players may
introduce unanticipated and often unrecognizable values, behaviors,
and rules, thus thwarting evaluation efforts. Finally, any measure of
learning effectiveness must employ control groups, yet this has often
been overlooked in past evaluation procedures.

A further problem arises from the differential rates of learning
present in educational games. In a study employing a principalcomponents analysis of learning, Michael Inbar found that the
effectiveness of games depended heavily upon group size

and

predispositions to the game (Inbar, 1966).

A second problem in games-they are not isomorphic to the real
processes or referent systems that they replicate. To what extent does
the student generalize behavior learned in the temporary and
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synthetic environments of games to unfamiliar real world situations?
This is a critical question that has not yet been answered in game
evaluations.

A third difficulty of games is that the student emphasis may be
on winning rather than learning. Ironically, the very things that make
a game engrossing and exciting may also be weaknesses in that they
diminish rather than incite learning. The emphasis upon winning
games may lead students to choose conservative strategies rather than
to experiment with new approaches and innovations (McKenney &
Dill, 1966).

The orientation that students develop to personal efficacy and
the predictability of events may constitute a fourth limitation. The very
fact that games are simplifications of processes may well entail
problems as well as advantages. This underscores the need for games
to embody risk and imperfect knowledge so that students will be
keenly aware of the dangers of getting "burned."

A final problem centers upon game administration in the
classroom. Many Social Studies teachers distrust games because they
believe them to be frivolous, doubt their geographical or historical
accuracy of the content, or feel their security in the classroom
threatened. If the teacher's predisposition to a game is negative, this
attitude will likely become a self fulfilling prophecy.
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However, as previously mentioned in my Purpose, Rationale and
Significance of the Study, I hope that teachers will be encouraged to
explore further and experiment with their pupils. I suggest that
teachers play games more frequently in order to become more
sensitive to their immense potential. The evidence reviewed above
suggests that games are an effective way to teach, both in terms of
attaining teaching objectives and in terms of motivating students to
learn. But, the literature strongly suggests that if games are to
contribute to the teachers' effective teaching, they must be fully
incorporated into the curricula. The successful integration depends on
the teachers.
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Summary

The purpose of my literature review was to illustrate, by means
of Theories and Movements,

as well as their descriptions and

applications, the importance of the use of Educational Games. The
literature review presented supports the view that a structured
approach to games, one where learners' tactics are specified and
guided, does have a significant educational effect. My predisposition
was to find pertinent information to support my question regarding
students' responses to the use of learning games as part of the daily
schedule. I wanted to investigate if games are a valuable addition to the
repertoire of methods for teaching and what is to be gained from
including games in classroom teaching. The Literature Review support
the notion that games generate

enthusiasm,

excitement,

total

involvement; and pupils become strongly motivated. Games also add
variety to the curriculum by bringing another varied approach into the
teaching.
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CHAPTER 3

METHOD

Introduction

Two years ago my youngest daughter was in third grade. During
that period of time, I had learned that the students in her class were
having difficulties in understanding the concept of multiplication. I
started to do some research on what teachers used in their classrooms
when they taught new math concepts. Based on my findings, I decided
to design and construct a learning center that would include a new set

of manipulatives and learning games for teaching mathematics. The
CENTER focuses on helping students understand and learn the
concept of multiplication.

The purpose of mv study was to explore and investigate, how
children respond to the use of a new learning center focused on the
concept of multiplication, in which games have been specifically
designed to facilitate learning. The literature review presented
supports the view that a structured approach to games, one where
learners' tactics are specified and guided, does have a significant
educational effect. This study is meant to be another test of the
assumption that games are a valuable addition to the repertoire of
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methods for teaching and is based on the belief that games can
generate enthusiasm and excitement and that pupils can become
strongly motivated by their use.

During the 1990 Fall semester, I introduced my learning center
through a pilot study to a third-grade class in a university town in
western New England. I revised the learning center based on how the
students interacted with each other and with the game. I discovered
that the students who used the center could understand the games
and could play successfully. The reason for having the pilot study was
to determine the practicality of proposed operations for the learning
center.

I chose to use qualitative research methods and to concentrate
on a descriptive case study. I believe that research focused on
discovery, insight, and understanding from the perspective of those
being studied offers the greatest promise of making significant
contributions to the knowledge base and practice of education.

Unlike experimental investigators, in a naturalistic study
researchers do not attempt to influence or manipulate the research
setting (Patton, 1980). Instead, they collect data in order to create as
complete a picture as possible of events as they naturally occur. By
using rich and detailed descriptions of events and quotations from
participants, the report makes it possible for the reader to envision
life as it occurs in a particular setting in much the same way that it
was encountered by me.
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While it may be inappropriate to make a generalization of the
results of such a study to other third grade classes, it is possible to
make connections between events as they are reported in the study
and similar events which the reader may have experienced. A rich
description of one third grade class, with the interactions among the
students, can only improve an understanding of what is going on in the
process of studying multiplication and the student's construction of
knowledge.

This chapter serves to provide information concerning

the

process of gathering data. It focuses on why specific research methods
were employed and how data were analyzed. Specifically, this chapter
will describe
observation,

how I have

entered

the

setting;

my manner of

the formal and the informal interviews that were

conducted and selected as one of the data sources; and how data were
eventually reduced and analyzed to produce themes describing the
students' behaviors and responses to the new learning center and the
context within which such behaviors were displayed.

Theoretical Background of the Learning Center

The theoretical background for the development of the center is
based on the NCTM Standards. The Standards express the desirability
of providing all students with the opportunity to share this new vision
of mathematics and to learn in ways consistent with it.
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Students should be encouraged and enabled to
explore, reason logically, draw inferences, and employ a
variety

of

mathematical

methods

to

become

mathematically literate and capable of developing their
mathematical power (NCTM).

Toward those ends, the Standards state the following five goals for
students:

JL. Learn to value mathematics. Students should have
numerous, varied learning experiences that illuminate the
cultural, historical, and scientific evolution of mathematics.
These experiences should be designed to evoke students'
appreciation of mathematics' role in the development of
contemporary society and to promote their understanding
of relationships among the fields of mathematics and the
disciplines it serves: the humanities and the physical,
social, and life sciences.

2. Learn to reason mathematically. Skill in making
conjectures, gathering evidence, and building an argument
to support a theory are fundamental to doing mathematics.
Therefore, sound reasoning should be valued as much as
students' ability to find correct answers.

3. Learn to communicate mathematically. To express
and expand their understanding of mathematical ideas,
students

need

to

learn

the

symbols

and

terms

of

mathematics. This goal is best accomplished in the
context of problem solving that involves students in
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reading,

writing,

and

talking

in

the

language

of

mathematics. As students strive to communicate their
ideas, they will learn to clarify, refine, and consolidate
their thinking.

4. Become confident of their mathematical abilities.
Study that relates to everyday life and builds students'
sense of self-reliance will lead them to trust their thinking
skills and apply their growing mathematical power. School
mathematics should prompt students to realize that doing
mathematics is a common, familiar human activity.

5. Become mathematical problem solvers. Problems
solving is the process though which students discover and
apply the power and utility of mathematics. Skill in
problem solving is essential to productive citizenship.
(CHIME Overview of NCTM Standards, Fall 1989).

^e^c^c3)c4c^c^(^c9|(4c^(^c4c^(^(^e^e^e)|c^ci|e^c4c])e4c3(c4c^c^c^c^c^cj(c#4c3(c^e^c#4c4c]|c^ci4e^c^e#4c^c^(^c^e^e#3ie4c^c4e^c4c^

THE MESSAGE IS MATHEMATICS: THE MEDIUM IS PLAY. (J. Jones
and E. Vernon, authors of Mathwavs for Early Childhood)

My goal was to create an instructional system that focuses on the
idea that elementary school children are best able to develop
understanding of ideas through concrete experiences. To support this,
students learn to represent real world problems, first with concrete
objects, then with pictures and finally with abstract symbols often in
the form of equations. Another benefit to using a developmental
learning model is that there is less redundancy, since learning is
through understanding instead of rote practice.
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Another underlying premise of this Math Center is that when
children discover mathematical concepts for themselves, they learn
both mathematics and self-reliance. Therefore, problem solving is the
context in which all concepts are learned and applied. Students are
encouraged to solve problems in their own way, but they are also
taught techniques and skills to assist in solving. Problem solving
cannot occur if the children do not understand the situation. For this
reason, problems involving themselves, characters with whom they
identify, and familiar objects are continually used in the Center.
9

As recommended in the NCTM Standards, the learning of each
concept in the Math Center begins with exploration using concrete
models. Students are often encouraged to present problems with
several different number sentences or to find another way to solve a
problem. Particularly unique to this Center are problems with no
solutions and problems with many solutions. All of these provisions
help students to be flexible in their thinking by exploring other
models, approaches and applications.

Description of the Manipulatives and the Games

The manipulatives consist of four wooden boards with one
hundred holes in each board. For the use of each game board there is a
box with one hundred wooden pawns. Altogether there are four boxes
with one hundred pawns in each. The boards and the pawns have no
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specific color but the color of the wood. This hands-on approach to
basic

math

operations

helps

reinforce

addition,

subtraction,

multiplication and division by practice of a self-directing,

self¬

checking process. The manipulatives are designed to do the following:
1) stimulate interest and excitement in mathematics,
2)

illustrate difficult concepts (or basic concepts for remedial

students),

3) enhance the learning process...because children learn by doing.

The students are supposed to get plenty of hands-on work in
sorting, classifying and* recognizing relationships between numbers.
The purpose for the use of the manipulatives is to motivate students
with games and activities that develop problem-solving and critical
thinking skills. The pawn boards clearly demonstrate base ten
concepts using the pawns to identify the different structures that each
number can create. The boards are useful for counting, ordering and
for practicing area and perimeter. Exploring number concepts on
these boards teaches students the various relationships and patterns of
numbers up to 100. Children gain hands-on experience in place value
using the pawns and the pawn boards. These boards give students
concrete models with which to explore the concept of place value and
its operations on whole numbers, in addition to the visual display of
multiplication facts.

Students progress from order and counting to number theory
and problem solving when they play with the different activities and
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the different games. These manipulative-based activities are designed
to build a concrete foundation for learning basic math concepts.
*************************************************************
DEWEY{1938): ”Games involve rules. No rules, then no games;
different rules, then different games/'

*************************************************************
A game can be seen as a "mean to an end" or as "an end in itself*.
It can be perceived as a process or as a product. The emphasis in my
games is on the process, and the games are a means to an end.
As Dewey (1938) said: games have rules and moves.

Figure 1: Game - rules and moves
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Playing with the games that I have designed, the students had to
decide how to play: to make choice moves or chance moves. In making
choice moves, they used the cards; in making chance moves, they
used the dice or the spinners. The students decided whether to play a
competitive game or a co-operative game, whether to use the
manipulatives or not to, whether to play with the timers or not.
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Game 1: Bingo-Math-It
For 2 or more players.
Description of game pieces and game boards
- A wooden box with bingo chips.
- A wooden box with dice of four varying values and increasing levels of
difficulty.
White dice that carry the numbers

2, 3, 4 and 5.

Yellow dice that carry the numbers

4, 5 and 6.

Orange dice that carry the numbers

6, 7 and 8.

Red dice that cany the numbers

7, 8 and 9.

A wooden box with eight spinners, of four varying values and
increasing levels of difficulty, as mentioned above.
White..2,3,4,5..5x5=25
Yellow. .4,5,6. .6x6=36
Orange. .6,7,8..8x8=64
Red..8,9,10. .10x10=100
■ A wooden box with 24 boards in six varying values and increasing
levels of difficulty. On each Bingo Board 36 products.
-Four Bingo boards with the products of the multiples 2, 3, 4, and 5.
-Four Bingo boards with the products of the multiples 4, 5, and 6.
-Four Bingo boards with the products of the multiples 6, 7, and 8.
-Four Bingo boards with the products of the multiples 7, 8, and 9.

All the Bingo boards are color coded on the back of each board
with a specific arrangement of stickers according to the usage and
classification of the dice.
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The arrangement of stickers on the Bingo Boards is as follows:
white + white
white + yellow
white + white
white + yellow
white +

orange

white +

red

yellow + white
yellow + yellow
yellow + orange
yellow + red*
red + white
red + yellow
red + orange
red + red
orange + white
orange + yellow
orange + white
orange + yellow
orange + orange
orange + red
These are the arrangement of the stickers on the back of the
bingo board and the numbers on the dice that indicate the larger
product that will be dealt with, on these bingo boards.
white + white

5x5

max.

white + yellow

5x6

max.

white + white

5x5

max.
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white + yellow

5x6

max.

white + orange

5x8

max.

white + red

5x10 max.

yellow + white

6x5

max.

yellow + yellow

6x6

max.

yellow + orange

6x8

max.

yellow + red

6x10 max.

red + white

10x5

max.

red + yellow

10x6

max.

red + orange

10x8

max.

red + red

10x10 max.

orange + white

8x5

max.

orange + yellow

8x6

max.

orange + white

8x5

max.

orange + yellow

8x6

max.

orange + orange

8x8

max.

orange + red

8x10 max.

- A wooden box with 24 bingo boards in two additional higher levels of
difficulties included. 12 bingo boards carry products of the multiples
2-11; therefore, the highest product is 121. The other 12 bingo
boards carry products of the multiples 2-12; therefore, the highest
product is 144.

The first level is played with two 10 sided dice. The second level
is played with two 12 sided dice. The game can be played with any
combination of the color-coded dice.
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- A box divided into four sections with Activity Cards in each section.
Each of these cards represents a multiplication fact (problem). The
cards are color-coded and are classified under the four levels of the
dice, in various levels of increasing difficulty. ( The cards are part of
the BINGO, and they are also being used for a War Game.) The Activity
Cards are designed in a simple format, and the easy reading gives
children lots of ideas for working independently or in groups.

Rationale for the Game

A wealth of classroom-tested materials is

gathered into this MATH LEARNING CENTER. Children rapidly grasp
basic operations by doing mathematics using manipulatives, therefore,
a valuable collection of motivating exercises for students is provided a collection of activities that make math fun and improve children's
mathematical skills. The games help children bring meaning to
concepts they have not yet learned and apply concepts and skills they
already understand.

The games allow teachers to move away from individual paperand-pencil instruction and on to cooperative group work. The
problem-solving situations actively involve children in thinking and
reasoning mathematically. These games help young children think
hard and enjoy playing. Ranging from easy to hard, the games require
preparation from 0 to 3 minutes and playing time from 15 minutes to
a full hour or more (depending on how much time is available to the
students). Together, these materials provide a rich integrated, and
experiential approach to learning mathematics .
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Object of the Game. The instructional experiences include sorting,
classifying and logical reasoning as well as number operations. In
addition students will do the following:

* incorporate manipulative materials wherever appropriate
* work in small cooperative groups
* promote thinking and reasoning skills
*

integrate

concepts

and

skills

from

different

areas

of the

mathematics curriculum.
* use problem-solving to develop understanding.

How to Plav the Game. The instruction shown has as its priority the
development of student understanding. A decision among players
should be made either to play a CHANCE GAME or a CHOICE GAME or
both. When playing by CHANCE, players will be looking for the
products: and when playing by CHOICE, players will be looking for the
factors.
Playing bv CHANCE:
1. Choose a bingo board at any desired level.
2. Take dice with the colors as indicated on the back of your bingo
board.
3. One die should be rolled by all players to determine who will play
first.
4. On your turn, roll the dice, multiply the numbers and find the
product (in looking for the answer you may use the pawn boards).
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5. Cover the product on your bingo board using the bingo chips. The
same product might be found more than once on any given bingo
board
Playing bv CHOICE:
1. Decide how many CHOICE turns each player will take.
2. Announce the product you intend to cover and find the factors. The
Pawn Board may be utilized for finding the answer.
3. After finding the factors, look for the card that indicates the
multiplication fact and that gives the product you chose.
4. Present the card to your opponents.
5. Cover the product on your bingo board using the bingo chips (the
same product might be found more than once on the bingo board)

How to Win the Game The winner is the player who achieves a straight
line of covered products on his/her bingo board.
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Game 2: Get Rid Of Your Marbles
For 2-4 players.
Description : A wooden box contains the following:
- 12"xl2" wooden board with 60 5/8" holes (dents in the board). In
each of these holes, there is one of the products ranging from 1-144,
products with no remainder.
- Two 12 sided dice, marked with numbers 1-12.
- Four wooden containers include 15 marbles in 4 different colors.

Object of the game: The* game reinforces students' ability to grasp the
concept of multiplication.
-To practice the multiplication tables from 1-12.
-To make usage of the pawn board.

The purpose of the game: To get rid of your marbles. After throwing
the dice and multiplying the given numbers, find the product on the
board and cover it with a marble.

How to plav the game
1. Choose a container with marbles.
2. Choose the dice with which to play.
3. Roll one die to determine who will have the first turn.
4. At your turn, roll the dice, multiply the 2 numbers and find the
answer.
5. Find the product on the board and cover it with one of your marbles.
If the product is already covered, you lose a turn.
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The winner: The first to get rid of his/her marbles.
Optional: The use of the colored dice is optional when one chooses to
play a certain level or with certain numbers.
Important: Can be played by students at different levels of knowledge
or competency.
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Figure 3: Description of the game board
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Game 3: Division Quest
For 2-4 players.
The object of the game:

*To practice Division with a remainder.
*To practice Division Word Problems.

The

DIVISION

GAME provides

another avenue

for using

mathematical skills. All materials and guidelines are carefully
sequenced to insure students' understanding of all elementary
mathematical skills. The purpose is to give children new experiences
with which to build on what they have learned.
9

The variety of different levels provides plentiful skills practice
and problem-solving situations. Students can progress at their own
pace, and they enjoy the variety of the different levels and the
challenge.
Description of the various components
A wooden box contains the following:
- A.wooden pyramid with holes (dents) in which the following colors
can be found: white, yellow, orange, red.
- Four pawns of different colors.
- Three decks of colored cards: yellow, orange, and red on which
division word problems are written. The word problems are in 3
different levels as classified by the colored dice:
Yellow.4,5,6.6x6=36
Orange.6,7,8.8x8=64
Red.8,9,10....10x10=100
- a wooden box with compartments for the cards, for the pawms
for note pads and pencils.
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and

- a wooden tray with 14 cards placed under 2 transparent spinners.
-6 cards have DIVIDENDS in 6 varying levels of difficulty:
10 - 25
10 - 36
10 - 49
21 - 64
40 - 81
60 - 100
-8 cards have DIVISORS in 8 varying levels of difficulty:
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
The purpose of the game: To reach the top of the pyramid.
Optional: Use any combination of the cards to suit students from every
competency level.
How to play the game:
1. Spin once to determine who will have the first turn.
2. Choose a colored pawn for yourself.
3. On your turn, choose a combination of two cards and place them
under the two spinners.
4. Spin the two spinners, execute the exercise and find out the
remainder.
5. Advance your pawn by the number that the remainder indicated. If
you land on a colored space, pick up a card with the same color from
the four different colored decks, read the problem and solve it, find
the remainder and advance your pawn according to the number that
the remainder indicates. If you land on a colored space again, repeat
the process.
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Game 4: Move In Different Directions, Collect And Win
(Division, Multiplication, Addition)
For 2-4 players.
A game that reinforces multiplication skills and gives a firm
foundation in division. It reinforces math connections with activities
that will challenge the students to make connections between
concepts. The game is sequenced in order of difficulty, the exercises
increase understanding of relationships in multiplication and division.

Description of game pieces and game boards
-A wooden box contains the following:
- a wooden board with area for 64 l"xl" tiles and 2 spinners placed
above 2 different cards:
1. a card carrying numbers 1-4
2. a card carrying 8 arrows to 8 different directions.
- a wooden box contains 100 tiles. The tiles are color coded and have
FACTORS on one side. The tiles are divided into 4 levels of difficulty
indicated by the following colors: yellow, orange, red.
- the tiles with the YELLOW stickers have FACTORS from 2-30
- the tiles with the ORANGE stickers have FACTORS from 32-63
- the tiles with the RED stickers have FACTORS from 64-144
- tiles with stickers of the 3 above colors with the letter "W" for
"WILD" on the back.
- In the box there is a compartment with note-pads and pencils for
players use.
- 4 wooden containers with 10 marbles in each, in 4 different colors.

76

- a wooden tray with 11 compartments for plastic chips that have
numbers on them from 2 to 12. These numbers can be defined as
FACTORS or DIVISORS.
- 4 wooden boards with a place for 10 tiles and 60 5/8" holes(dents)
for the plastic chips.(FACTORS/DIVISORS)
Object of the game: To practice Division, Multiplication and Addition.
How to win the game: Acquire the highest score of divisors.
How to play the game: The game has two stages:
Stage one:
* Choose the level of tiles you would like to play with and organize
them in random order on the board with the numbers facing down
and dents facing up.
* Each player places one of his/her marbles in the center of the
board, on the central tiles.
* The first player spins the two spinners. According to the
"direction" and "number of steps," the player finds the wanted tile
and places the next marble on this tile. If the tile is taken or if the
number of steps is too high, the player should spin again still
executing her/his turn.
* After all players have placed their marbles on the tiles they move to
the next stage.
Stage two:
* Each player takes one of the boards with the 60 holes, and starts
taking all the tiles that are under the marbles belonging to him/her.
All the marbles return to their containers.
* The tiles should be placed on the designated place.
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* The tray with the chips should be placed to everyone's convenience
at the center.
* Each player starts looking for the DIVISORS/FACTORS to the
numbers

on

his/her

tiles

[there

are

6

places

for

DIVISORS/FACTORS under each tile].
* After finding all the chips, each player should start adding the
numbers up in order to find the sum of all chips.

The WINNER is the player who has the highest score of all the
DIVISORS/FACTORS.
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Data Collection

The following section of this chapter will describe how entry
into the research setting was made. Further, descriptions about each
data source and how data was gathered will provide a framework for
describing how this study was conducted.

The participants of the study and the context investigated

The participants in my study were third grade students from an
elementary school in a University town in western New England, and
their teacher. The population in this town is very diverse, and there is
no common ground in the socio-economic background. The town's
population consists of approximately 38,000 people, out of which
25,000 are students. The population is made up of 85% whites, 4.6%
blacks, 5.5% Hispanics and the rest are representatives from many of
other countries in the world.

The students. This third grade class consisted of 11 girls and 12
boys. One student did not participate in the study because we could
not obtain the consent from his parents. One student was Hispanic,
one black, two Asians and the others were white. The class consists of
students at different levels of competency and academic achievements.
Some of the students tend to be motivated more than others, as in any
other class.
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The students played educational games in the classroom as part
of their daily activities, and these games were an important part of the
curriculum. The students had their academic classes in the mornings,
and after lunch the class was divided into four groups. They each went
to special activities such as music, art, library, computers, physical
education, and

band. When they returned from "Specials," the

students worked in different learning centers, one of which was the
math center. At this time and place, the students played with my
games.

Lydia, the teacher, has been teaching third grade classes for the
past 17 years. We developed great two-way-communication. Knowing
her from two years ago as a parent, I had the chance to learn about her
approach and the philosophy of education she holds. I

observed how

she constructed her lesson on the basis of her students' previous
experiences. In selecting the task, she considered its potential for
fostering mathematical reasoning and communication. The questions
posed

engaged

students

in

mathematical

reasoning

and

communication. I have seen her checking the effectiveness of her
strategies for involving students in mathematical discourse.

Lydia did not simply "deliver" content. Rather, she facilitated
learners' construction of their own knowledge of mathematics or any
other subject. Sometimes she stood back, letting students puzzle and
come up with their own solutions; sometimes she pushed and led,
helping students to reach particular sensible conclusions;

and

- sometimes she helped students by modeling or telling. Lydia did this
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through her choice of tasks and tools for instruction and her attention
to the nature of the mathematical discourse that occurred in the
learning environments.

Entry to the Setting

Initial contact requesting permission to study at this particular
class with this teacher was made by meeting with the principal of Fort
River School. With the principal's approval, a meeting was scheduled
for the purpose of clarifying the intentions of the study, describing the
process of data collection, explaining why I was considering this
particular setting, and discussing the role I would assume. At this
meeting the Principal was presented with an opportunity to question
me at length, thus relieving some fears about possible repercussion
and decreasing the possibility that limitations might be imposed
which would lead to selection of a different setting.

Having obtained general approval to conduct the study and after
submitting a formal letter describing the study to the principal and to
the teacher, I obtained permission to come and start doing some
classroom observations. The particular procedure for gaining entry,
one of relatively open disclosure about intentions, was chosen because
a trusting relationship is essential in a qualitative study of this nature
(Bogdan and Taylor, 1975). Presentation of self to the whole class in
an honest, open, and carefully worded manner was essential in
-establishing that relationship.
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This step in the process of entry included briefly speaking with
the students in the class that was to be observed. Prior to data
collection, arrangements were made with the teacher for a brief
amount of time in which I would explain to the students the reasons
for conducting the study and why the study was significant. The
explanations included a brief presentation of the manipulatives and the
games followed by students' questions. All students were then given
the consent form (see Appendix A) to be signed by their parents;
attached to it was a letter written by the teacher (see Appendix B).

This contract established in writing the role that the researcher
and the participants would assume; what each could expect from the
other; how the rights of all participants would be protected; and the
extent of access that the participating teacher would have to field
notes, logs, analytic materials, and reports.

Data collection strategies used in the study
Data were obtained through the following;

a) direct field observations,
b) video tapes of the students using the learning center, and
c) interviews with;

* the teacher
* selected students from this class
* selected parents of students from this class
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The students were videotaped during their activity time in the
math center and later on in a special designated room outside of the
classroom four times a week. My study focused on the students who
were playing on the observed days. Some students were interviewed
once a week; some were interviewed more during the course of the
study, which was carried through the duration of eight months. The
teacher and I met for member checks and for interviews once a week
for an hour and a half. Each meeting was recorded. The participants'
parents met with me individually, and their interviews were recorded
as well.
*

Data collection relied on three mechanisms to ensure rich and
authentic descriptions of the students' activities during math lessons
as the use of the new learning center took place: detailed interviews,
scheduled observations and videotaping.

First - regularly scheduled meetings with the teacher that included
interviews. The purposes of these meetings were to as follows:

1)

to learn about her perceptions of the learning center.

2)

to learn about her perceptions regarding students' use of the
learning center.

3) to discuss problems students were having with the use of the
new learning center.

All the interviews were transcribed.
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Second - scheduled days for observing and videotaping the students
during their special activities in the afternoon using the new learning
center. Gathering this information provided me with data regarding
the students' ability to grasp the concept of multiplication and its uses
through the use of the new learning center. I was observing their
interactions among themselves and their interactions with the games.

Third -

interviews with the students and selected parents. The

interviews with the students provided me with their perceptions of
the learning center and their ways of thinking about its uses and
effectiveness, as well as the progress they made in learning the
multiplication tables and how they felt about the new concept. The
progress was observed when students were playing with games at
different levels of difficulty, moving from a lower level to a higher one.
Speaking with the participants' parents/guardians provided me
with new insight into the students' understanding or difficulties in the
applications of the multiplication tables.

Observations

The role of a researcher may range from being a complete

observer, describing those researchers who do not become involved in
the setting to any degree, to complete involvement, characterized by
total immersion into the setting (Gold, 1958). Although amount of

84

participation may be expected to vary during the course of a study
(Bogdan and Biklen, 1982), for the purpose of this study I chose to
define my role as that of participant-observer .

Assumptions of the participant-observer role allowed interviews
to be conducted in and away from the classroom, answered students'
questions during the course of the observations, and developed
informal relationship outside of the observed classroom. The role of
participant-observer did not limit participation within the primary
setting, considering the fact that everything was videotaped, thus
allowing complete attention to the actions of the participants.

Duration of observations. Due to employment obligations, I could
be in the school after 1:00 on Mondays, Tuesdays, Thursdays, and
Fridays. Thus, the chosen class was observed four times a week. On
Wednesdays school ended at 1:15, thus the daily schedule was
different. While initially I planned to observe

for 12 weeks, I later

decided to observe until the end of the year. My study started in
November and lasted until the end of school year, in June. This
decision proved to be valuable because the teacher started to teach
division; and there was a chance for me to see applications from
multiplication, which resulted in the design of two new games for the
Learning Center, games that apply Multiplication and Division.

Prior to data collection, I decided that my presence at twothirds of the classes would be sufficient for purposes of establishing
- rapport with students, completing observations, and conducting
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interviews with students. Interviews with the teacher and with the
parents were conducted in the evenings. As time elapsed, it was
possible for me to be present for over three-fourths of all the class
time because of changes made by the teacher to benefit a studentteacher in her Practicum.

Focus of Observations, Students playing math games were the
primary observation focus. The teacher was observed only within the
instructional environment (in the classroom), whereas students were
observed

in

environments

ranging from the

classroom to

the

designated area for playing the games to outdoors when the games was
taken outside.

Observations within the instructional environment took place
during some mornings at the beginning of the study, for the purpose
of learning how the new concept had been introduced to the students.
I was looking at the ways in which the students were engaged in
mathematical tasks and discourse that required problem solving,
reasoning, and communication. I was looking for the opportunities to
observe the children's thinking about mathematics so that data would
help me to select or create tasks that can help children build more
valid concepts of mathematics. Developing multiple perspectives on
students as learners of mathematics enabled me

to build

an

environment in which students might learn mathematics with
appropriate support and acceptance.
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Interviews

Two types of interviews, formal and informal, were conducted
with the participants. Each interview enabled me to obtain additional
information from students and from the teacher regarding the use of
the learning center.

Clinical experiences,

such as interviewing

children one-on-one or in groups, allowed me to appreciate all that
can be learned by talking to students. Interviews with individual
students

complemented

that

information

and

also

provided

information about students' conceptual and procedural understanding.
The interviews with students provided me with the knowledge of what
students were thinking about mathematics and their own learning.

fal Formal Interviews. The first type of interview was formal in
nature. Specifically, these interviews employed what Patton (1980)
refers to as the Interviews Guide Approach. This approach allowed
ample freedom to explore particular issues during the interview, set
forth in writing general areas of inquiry I planned to discuss with each
of the participants, and did not obligate me to ask each interviewee
the same standardized questions.

I conducted open-ended, particularly structured interviews
with six individual students who played with more than two other
classmates of their choice. The content of these interviews reflected
more specific purposes which emerged during the duration of the
observations. These included the need to discuss significant events
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with particular individuals, the need to interview individuals who
presented

no

difficulties

in

understanding

the

concept

of

multiplication, the need to interview individuals who presented any
kind

of difficulties

in

the

understanding

of the

concept

of

multiplication, and other reasons which made themselves apparent as
data collection progressed.

The students were selected based on criteria which emerged as the
study progressed:
(a) participants' ability to articulate clearly,
(b) the rapport I was able to establish with the participants,
(c) participants willingness to cooperate.

I

conducted

six open-ended

interviews with participants'

parents (Appendix G). The interviews were scheduled at times when
the parents were available (evenings mostly), and were taped and later
transcribed. In addition to interviewing the six students, I conducted
one open-ended, partially structured interview with ten students, as a
group, who had more chances to play with the different games at
recess. The content of these interviews reflected more specific
questions that emerged during the duration of the observations.

Finally,

three formal interviews were conducted with the

teacher in this study. The first interview was conducted within the
second week of observations, was taped and followed the Interview
Guide Approach (Appendix E). The second interview was after eight
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weeks of observations and the last one was two weeks after the end of
the school year. They were both taped, later transcribed and also
utilized the interview guide approach (Appendix C and D).

fb) Informal Interviews. The second type of interview employed
an informal approach. Informal interviews enabled me to collect data
while carrying on casual conversations with participants, usually
without the formal stipulation that an interview was taking place. The
strength of this technique was that it enabled me to respond
differently to different individuals, allowed me the opportunity to
examine events occurring in the immediate context (Patton, 1980),
and

contributed

to

increasing

rapport

between

me

and

the

participants.

Although I had formally interviewed only a few students, a variety
of informal contacts made it possible for me to additionally question
many different individuals. Because the informal interviews were not
taped, students, at times, were more willing to discuss openly their
feelings and behaviors. A more complete understanding of students
playing the games emerged as a result of these informal conversations
than could emerge from data derived only from formal interviews
(Appendix F).

I talked with students not only individually but also in groups. I
took advantage of every opportunity presented to me to talk with small
informal groups of students, and I observed that these students built
on the responses of their classmates, enabling me to learn more about
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them and their way of thinking. Most informal contacts concentrated
on talking with students about events in their immediate environment
(particularly events for which I needed clarification) and on soliciting
students' perceptions of the class, their behaviors, and the behaviors
of others.

Teacher

November

*

@

December
January

Students

*

Parents

@

@

@

@

@

February

*

March

* @

* @

*

April

* @

* @

*

May

* @

* @

*

June

* @

* @

* @

July

*

@

@

@

* - Formal interviews
@ - Informal interviews

Figure 4: Timeline of interviews
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Analysis of Data

Data analysis, an ongoing process in any naturalistic study
(Bogdan and Tylor, 1975), was conducted with three purposes in
mind.
The first was to describe students' responses and behaviors
displayed while playing with the new Math Center,
The second was to describe contextual circumstances which
appeared to encourage students in the process of learning the
concept of multiplication.
The third was to describe factors which enhanced the tendency
for students to employ such behaviors.

This section of Chapter Three explains each step that I took
throughout the process of data analysis, outlining the data reduction
and displaying procedures which were followed. In this section I
discusses how I addressed the issues of the credibility, transferability,
dependability and confirmability of data; as well as issues related to my
biases; I also present the time line across which this study was
completed.

The first step in formal analysis was an ongoing review of all
collected worksheets and word problems, acquired notes and typed
transcripts. This analysis began on the first day of data collection and
continued throughout the entire study. Once the process of formal
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data analysis began, the second step of conducting multiple data
reviews was undertaken and continued into the stages of preparing
this report.

The third step, while continuing multiple reviews, was to sort
data into preliminary thematic categories. Multiple copies of the data
enabled me to "cut and paste" significant events into different
tentative categories. Each event was divided into a specific descriptive
category, and the event was summarized on attached color-coded note
cards. Events which could be classified under several categories were
given final placement in'the most suitable and logical place, with notes
made on summary cards of the other categories so that the event
could be recalled as one having been considered for inclusion. This
sorting eventually resulted in the compilation of 21 categories which
best described students' construction of knowledge, the contextual
conditions under which they occurred, a description of students'
attitudes

towards

the

learning

center,

and

other

pertinent

information.

The fourth step was a thorough review

of the emergent

categories. Here events were compared as they occurred within
individual categories, as they occurred across categories, and as they
related to each data source. The purpose was to develop categories
which represented commonalities and described patterns. Therefore,
whenever negative cases were discovered, categories and hypotheses
were refined until they were representative of the majority of
individuals.
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The final stage in data analysis was an attempt to construct
summary descriptions from a triangulated perspective of the teacher,
students, parents, and me. The information was described in the
participants and my own words, allowing the record of events and
interactions to illustrate the thematic regularities which constituted
the construction of knowledge in the learning center environment.
Here description focused on the language development engaged in
playing the contextual conditions within which such changes of
language were displayed, and such analytical assertions about relations
of the two as were properly grounded in the data.

Data Reduction and Display

Most qualitative studies utilize multiple data sources, are
conducted over a period of time,

and lend themselves to the

accumulation of massive amounts of data. In addition to performing
data checks for triangulation and all the subsequent manipulations and
transformations required by the process of analysis, I was concerned
also with presenting the data logically, concisely, and accurately in a
final written document. Reduction and display of perhaps hundreds of
pages of raw data can be the researcher's greatest obstacle. Therefore,
to produce guidelines which specifically addressed how data were
managed was necessary. Treating data collection as an ongoing process
encouraged the development of preliminary hypotheses and refined
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the methodology, this also increased the probability that the data
would be less confusing once observation ceased and formal analysis
began.

Trustworthiness

Lincoln and Guba (1985) have introduced criteria specific to
assessing the trustworthiness of data obtained through a qualitative
research paradigm. However, not using familiar methods to establish
or describe the trustworthiness of data is beside the point as long as
arrangements are made and procedures are followed meticulously for
obtaining and analyzing data in ways that inspire the reader's trust.
These criteria were the foundation upon which this particular study
was grounded.

Discussion of the credibility,

transferability

dependability, and confirmability of data follows.

Credibility. As far as the credibility of qualitative studies are
being examined whenever they are made public, the researcher's
responsibility is, hence, to implement strategies which contribute to
credibility. As Lincoln and Guba (1985) have demonstrated, by
employing specific research procedures, to improve, if not insure, the
credibility of the results is possible. If the reader does not perceive
the results as believable, the value of the work and the reputation of
the researcher are undermined. The strategies that were used for this
particular study were as follows:
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1. prolonged engagement
2. persistent observations
3. triangulation
4. peer debriefing
5. negative case analysis
6. member checks.

(1) The first strategy, prolonged engagement, insured me an
adequate amount of time to complete the study, establish rapport with
the subjects, test for misinformation, and "learn the culture" of the
setting. This study, conducted throughout an eight month period,
allowed ample opportunity for observing significant events which
occurred within the framework of the observed times. The interviews
scheduled with the students, the teacher, and some parents, as well as
the informal conversation produced an abundance of valuable data and
provided prolonged exposure.

Contact with participants over the first four-week period was
extensive, and soon I was perceived less as an outsider and more as a
specially privileged insider. Being perceived less as an outsider was
evidenced by frequent group and individual invitations to come and
join the students while playing. As my relationships with the students
became closer, they were less guarded during informal conversations.

(2) The second strategy, persistent observations, also enhanced
the credibility of the study. The purpose of this strategy was to
"identify those characteristics and elements in the situation that are
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most relevant to the problem or issue being pursued and focusing on
them in detail. If prolonged engagement provides scope, persistent
observation provides depth" (Lincoln and Guba,

1985). Although

initially I was concerned with all events which occurred within the
classroom environment and the learning center surroundings, the
focus of observation narrowed as events specifically relevant to the
understanding of the concept of multiplication began to emerge.

(3) The third strategy, triangulation,

also improved the

probability that findings would be found credible by preventing me
from accepting initial Impressions, thereby improving the density,
scope, and clarity of constructs (Glaser and Strauss, 1967). In short,
triangulation means that data had been obtained from multiple data
sources. Triangulation not only increased the richness of the data base,
it also enabled me to compare findings from one data source with
findings from a second or third source. By contrasting the findings
obtained from direct observation with data derived from student
accounts, teacher accounts, parents' accounts, and other data obtained
throughout the observations, conflict, error, and confusion could be
located and confronted, either by revising data sources or enlarging
the data base.

(4) A fourth step towards establishing credibility was peer
debriefing. When used peer

debriefing, my biases were probed,

methodology questioned, and other relevant matters were discussed
with a disinterested peer. I selected a graduate student, who was
familiar with naturalistic inquiry, for the purpose of periodic peer
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debriefing. The peer debriefer had access to interview tapes along
with all research logs. His role was to assume the position of a devil's
advocate, forcing me to clarify possible biases, justify interpretations,
and confront the need for change in the process of investigation. Sixty
minute sessions with the peer debriefer were conducted once a week
starting in the fourth week of observations. Subsequent to data
collection, we decided to discuss various aspects of data analysis.

(5) The fifth strategy, negative case analysis, involved the
constant revision of hypotheses until all or most cases had been
investigated. Data here were continuously examined for negative cases
that did not fit evolving themes and understandings. Where such
occurred, they signaled the need for either a follow-up investigation or
a revision of tentative themes and hypothesized relationships.

(6) Finally, member checks, a critical technique in establishing
credibility, was employed throughout data collection. Through formal
and informal interviews, the teacher was invited to correct errors of
the fact and inadequate interpretations of the data, to volunteer
additional information, to summarize personal perceptions, and to
confirm the findings of my observations. Although I ultimately was the
one to make all final decisions about what to include in the analysis,
data were only used after careful consideration of feedback and
validation through the member checking process.

Transferability. While the quantitative researcher is concerned
about external validity, and generalizing the results from study of a
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sample of events to other events and settings not observed, the
qualitative researcher is primarily concerned with transferability.
"Thus the naturalist cannot specify the external validity of an inquiry;
he or she can provide only the thick description necessary to enable
someone interested in making a transfer to reach a conclusion about
whether transfer can be contemplated as a possibility" (Lincoln and
Guba, 1985). Therefore, to generalize results from this particular study
with other third-grade classes learning Multiplication which may be
taught in a different manner would be inappropriate. Instead, to
transfer results to other contexts only when readers are able to
perceive connections between events as they are described in the
study setting and in events they have observed or experienced
throughout their own lives would be possible. Where the quality and
depth of descriptions do encourage such perceived relationships, the
present study gains a significant degree of credibility.

Dependability. The dependability factor in a qualitative research
is the researcher's equivalent of conventional reliability and is as
pertinent to the researcher as the replication factor is to a quantitative
investigator. As there can be no validity without reliability, there also
can be no credibility without dependability; therefore, dependability
must be demonstrated if results are to be perceived as credible.
Several strategies to enhance dependability, as discussed by Lincoln
and Guba (1985), were employed throughout this study.

The first, overlap of methods, represents triangulation of data.
Although triangulation was used to insure credibility, it was also a
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means of establishing dependability. As the richness and completeness
of the data base increased and, particularly, as distinct different modes
of data acquisition were employed, comparisons among types of data
sources could be made; and the dependability of the data itself could
thereby be supported.

The second, stepwise replication, normally required that two or
more individuals separate into two distinct teams for purposes of
investigating a setting and then analyzing the results individually.
Lincoln and Guba (1985), however, have strong reservations about the
effectiveness of this strategy. While for a more quantitative researcher
this technique may prove to be invaluable, too many obstacles exist for
the qualitative researcher. Primarily because qualitative researchers
employ

an

emergent

design,

this

technique

would

be

more

problematic than productive. As the researcher, however, I stretched
the meaning of this strategy to include peer debriefing as a form of
replication. Based upon an independent analysis of the data, my peers
engaged me in discussion and reflection about biases, methods, and
interpretations. The assessment of events and context at the study site
then functioned in much the same way as an assessment generated by
a second researcher. When the independent assessment ran parallel to
that of mine, dependability was enhanced. The clear limitation, of
course, was that unlike replication through an independent observer,
the peer had access to the study site only through data that was
selected and recorded by me.
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Confirmability, In establishing confirmability, it was necessary
that findings, interpretations, and recommendations be supported by
the data base. If this was not possible, the audit trail was one means of
insuring that the results of this study were adequately supported by
the data. As Lincoln and Guba (1985) indicate, the residue of records
accumulated throughout the period of data collection guides the audit
trail.

In a technical sense, the audit trail exists only in the total body
of materials relative to the study. In a more limited sense, however,
this trail from data to conclusion was made visible in the raw data and
analytic constructs selected for inclusion in the report. Therefore, the
following materials were used in the final report to allow the reader to
develop at least a limited sense of confirmability:

(a) raw data (excerpts from transcribed interviews, transcribed
videotapes, field notes, students' work sheets, word problems)
(b) data reconstruction and synthesis product (segments of
descriptions

of typical

events

or

characteristic

student

responses)
(c)

materials

relating

to

my

dispositions

(excerpts

from

informed consent documents given to the students and the
teacher, and interview guides for interviewing the teacher, the
students and parents)
(d) study development information (descriptions of change over
time).
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Biases

The purpose here is to inform the reader about the assumptions
I had prior to data collection which inevitably influenced how
students' learning by the use of games was perceived. My personal
experiences as a student, a teacher, and a teacher educator led me to
believe the following:

1. Games Are Enjoyable. Children like games because they are a form
of play. Games are a break in classroom routine; and it may be that
students' enjoyment of games is, in some inverse way, proportioned to
their boredom with the daily fare in their classrooms.

2. Games Are Serious. To think that games are just "fun" or idle play
would be a mistake; for students might be disappointed when they
learn that they have been misinformed, and teachers might be
disinclined to go on using the games.

3. Learning about Competition. For some participants in games,
competition and tension produced by striving against obstacles for
some objective make the experience an exciting one. For others,
competition is a threat; and, therefore, they dislike games in which
competition is a major component.
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4. Learning Cooperation. No educational game, however, is designed to
teach ruthless competition; and most demonstrate the advantages of
cooperative effort. Cooperative learning might be enhanced through
the use of learning games.

5. Learning Concepts. The importance of teaching concepts-an idea
that underlies both the "new math" and the "new social studies"-has
generally been enthusiastically endorsed by proponents of games. In
their view, in fact, games are uniquely fitted to convey conceptual
knowledge. The concept (put forth by Jerome Bruner) that institutions
are made by humans and, accordingly, can be changed by them, takes
on actuality in educational games, as students transform existing
institutions or create new ones to achieve their objectives.

6. Learning Skills. While the student is learning through play that
her/his environment is, at least, somewhat responsive to her/his own
action, she/he is also learning some of the necessary skills for
attaining the objectives.

7. Learning to Pay the Penalty. Whether from lack of skill or poor
judgment, students are bound to make mistakes in games; Dr.
Coleman has pointed out the learning advantages that result when
penalties are imposed by rules of the game or peers instead of by
authority figures.

8. Helping Slow Students. Use of games with the student near the
bottom of the academic ladder has proved to be one of the most
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promising means of reaching her/him. Also, it should be noted that
these academic failures find, to their pleasure and surprise, that they
have talents for such activities as bargaining or determining an
effective strategy.

9. Helping Bright Students. Naturally, the more talented the student,
the more she/he may be expected to profit from games. The bright
student can achieve more levels of understanding. She/he can better
conceptualize what is going on in the game. She/he can better relate
what she/he is playing to the real world; she/he can bring to bear his
greater knowledge and relate it to the system or process being
modeled; she/he can better criticize the game and the world to which
it refers.
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Timeline

The following timeline describes the pace and sequence of this
investigation.

November 1991

(1) Established entry into the research setting.
(2) The Learning Center was brought to the research setting for
the students' use.
(3) Commenced informal class observation.

December 1991

(1) Established entry with the Principal.
(2) Commenced informal class observation.
(3) Commenced informal interviews with the teacher and with
some students.
(4) Began collection of relevant handouts and other materials
related to the class.

January 1992

(1)

Submitted dissertation proposal to the committee for
approval.

(2) Obtained a signed informed consent from the teacher.
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(3) Obtained a signed informed consent from the students.
(4) Commenced Piaget' conservation testing.
(5) Commenced meetings with peer debriefer.

February 1992

(1) Began formal observations in the classroom of students
playing the games.
(2) Conducted formal and informal interviews with the teacher.
(3)

Conducted formal and informal interviews with some
students.

(4) Began typing transcripts of taped interviews.
(5) Began looking at videotapes and transcribe them.
(6) Continued meetings with peer debriefer.

March 1992

(1) Continued formal observations of students playing the games.
(2) Conducted formal and informal interviews with the teacher.
(3)

Conducted formal and informal interviews with some
students.

(4) Conducted formal interviews with parents.
(5) Continued typing transcripts of taped interviews.
(6) Continued looking at videotapes and transcribe them.
(7) Began typing videotaped transcripts.
(8) Commenced formal data analysis.
(9) Continued meetings with peer debriefer.
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April 1992

(1) Continued formal observations of students playing the games.
(2) Conducted formal and informal interviews with the teacher.
(3)

Conducted formal and informal interviews with

some

students.
(4) Conducted formal interviews with parents.
(5) Continued typing transcripts of taped interviews.
(6) Continued looking at videotapes and transcribed them.
(7) Continued typing videotaped transcripts.
(8) Continued formal data analysis.
(9) Continued meetings with peer debriefer.
(10) Began the process of sorting and resorting emerging
thematic categories.

Mav 1992

(1) Continued formal observations of students playing the games.
(2) Conducted formal and informal interviews with the teacher.
(3)

Conducted formal and informal interviews with
students.

(4) Conducted formal interviews with parents.
(5) Continued typing transcripts of taped interviews.
(6) Continued looking at videotapes and transcribed them.
(7) Continued typing videotaped transcripts.
(8) Continued formal data analysis.
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some

(9) Continued meetings with peer debriefer.
(10) Began writing draft of report.

June 1992

(1) Completed observation.
(2) Conducted final interviews with the students.
(3) Conducted final interviews with the teacher.
(4) Conducted final interviews with some parents.
(5) Continued typing transcripts of taped interviews.
(6) Continued looking at videotapes and transcribe them.
(7) Continued typing videotaped transcripts.
(8) Continued formal data analysis.
(9) Continued meetings with peer debriefer.
(10) Continued writing draft of report.

July 1992

(1) Continued formal data analysis.
(2) Completed the process of sorting data into categories.
(3) Continued writing draft of report.

October 1992

(1) Submitted first draft.
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November 1992

(1) Completed first draft of report.
(2) Completed additional draft of report.

January 1993

(1) Scheduled Oral Exam.

February 1993

(1) Defended Dissertation before Dissertation Committee.
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CHAPTER 4

RESULTS

Introduction

The purpose of my study was to explore and investigate, how
children respond to the use of a new learning center, which is focused
on the concept of multiplication, and the use of specifically designed
learning games. Through my in-depth study, I intended to find out:

1. What happens to students when they play, how their minds operate
when they are in a situation in which they are not sure of the
outcome, and how they become involved in the game.
2. How an educational game—as part of a learning center—can be
utilized in the classroom.

Mainly, I have wanted to emphasize in

my study the unique part that educational games play in the
curriculum.

To address these questions, data from field logs, video-tape
transcripts,

combined with transcripts of formal and

informal

interviews, and other important written material were reviewed and
analyzed in accordance with recommendations for qualitative data
analysis (discussed in Chapter 3). Specifically, data were analyzed in
the following sequential steps:
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(a) ongoing review of all logs throughout the process of data collection
(b) multiple reviews of all data subsequent to data collection
(c) sorting into preliminary categories with frequent re-sorting
(d) identification of 21 final categories which best described students'
relationships

and

contextual

conditions

under which

they

occurred, and students' construction of knowledge
(e)

review

to

identify

disconfirming

data

and

to

assess

the

appropriateness of the overall data classification scheme
(f)

preparation

of summary

descriptions

from

a

triangulated

perspective of teacher, students, parents and investigator.

The results of these analytic steps will be presented in several
stages:
First, a description of the setting, including descriptions of the
school, the classroom and the teacher will provide a feeling for what
the atmosphere at this school is like for the observed students.
Second, students' responses will be described, illustrated with
examples, and discussed in relation to the contextual conditions
which influenced their emergence.
Third, students' construction of knowledge will be discussed in
relation to the underlying influence of playing with the games.
Finally, a subsequent chapter will be presented for purposes of
concluding and discussing the results of this study and of showing how
the findings impact classrooms in the process of learning.
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Description of the Setting

Here, a description of the school, the students, the teacher and
the observed classroom will be provided for purposes of developing a
feeling for what learning in this particular school was like for the
observed students.

The School and the Classroom

If you enter Pelican Hon School on any given time of the day, you
will feel the warm and welcoming climate surround you.

Soft

background music is heard throughout the hallways, and the students'
art projects capture your attention and invite you to look at the
displays. This is a one floor elementary school with huge sports fields,
an outside 400-meter track, and a large playground built by students,
parents, and faculty.

The school's entrance is safe for the children because the
parking lots are organized in a way that prevents the interference of
cars in the area where the buses unload. The school is a one unit
building and

is

20 years

contemporary building,

old.

The

large windows

indicate

a

designed specifically to ensure that an

enormous amount of light will enter each classroom.

Eight sections of the school were used on a daily basis. Of the
eight, two large sections were divided into six "quads"- teaching areas
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which held twenty four regular classrooms. Every three or four classes
shared an area- a quad- that was divided by acoustic dividers and
storage closets. Every door of those storage closets was also a colorful
bulletin board that carried the display of the recently studied subjects.
To the right of that set of closets, there was a tote cabinet for
students’ work. Every student had his/her own tote in which to store
his/her work. Above this cabinet there was a bulletin board onto which
paper pockets were attached. The name of this bulletin board was
"Helping Hands". Students placed a card with their name in a pocket
and chose their responsibility/task of the week.
#

There was a stage 8" high and 6' X 8' in size. The stage was used
for student productions, acting, and simulations. To the left of the
stage was the Math Learning Center. Students worked in this activity
center in groups assigned by the teacher or of their own choice. The
English Corner with audio equipment for the students' use was located
in one of the comers of the room.

The anterior and posterior walls of the school was composed of
three fourths windows. That is, the lower section was cement and the
upper section was glass. The large windows enabled a great amount of
daylight to flood the classrooms that were located in those sections of
the school, and since the classroom in which I conducted the study
was in the front section of the school, it was constantly bright.

A chalk-board, a bulletin-board, and marker-board, were used to
display and present the material that was currently being taught. Above
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all of these boards hung a display of the ABC's in cursive, script,
capitals,

and lower-case lettering,

for the reinforcement of the

students' penmanship skills.

There were six rectangular tables, each surrounded by four
plastic blue chairs, for students. Every table was equipped with a tote
that held pencils, erasers, rulers,

scissors and some markers. The

table's surface was Formica and could be washed and cleaned easily.
The students, although assigned specific seats, moved around for
various activities. Lydia encouraged cooperative learning, and when she
put the students into groups of three, she made sure that:

... each group included: one that is a most confident,
high achieving, risk taking student; the second student is
a middle confident student who will take risks with a
partner, and the third student will be one with lack of
confidence, one that has not mastered the requirements
for the specific math skills in this grade level.

The class's daily schedule was as indicated below:
8:45 - 12:00

Academics

8:45 - 9:00

Group meeting with the teacher, sharing time.

12:30-1:15

"Specials":

Monday - Music

Tuesday - Art
Thursday - Library
Friday
1:15 - 1:30

- Phys. Ed.

Group meeting with the teacher, announcements.

social and class issues.

A lot of attention was given to every inch of the classroom. The
space was very well organized and efficiently used.

The Participants of the Study

The participants in my study were third grade students from
one elementary school in a University town, in Western New England,
and their teacher. Some students' parents were interviewed for the
purpose of Triangulation.

The Students. The students played educational games in the
classroom as part of their daily activities, and these games held an
essential part in the curriculum. The students had their academic
classes in the morning, after lunch the class was divided into four
groups. They each went to special activities such as music, art, library,
computers, physical education, or band. When they returned from
"Specials," the students worked in different learning centers, one of
which was the math center. During this time, the students played with
my games.

The Teacher. (Preface) Teaching mathematics is a complex
endeavor. It demands knowledge of mathematics, students, and
teaching as well as the opportunity to apply this knowledge in a variety
of field-based settings. It requires an understanding of the impact that
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socioeconomic background, cultural heritage, attitudes and beliefs,
and political climate have on the learning environment. Above all, it
entails developing a personal knowledge of oneself that combines
sensitivity and responsiveness to learners with the knowledge, skills,
understanding, and inclination to teach.

Those who teach mathematics bring with them experiences as
learners in mathematics classes attained through their primary,
secondary and higher education. These experiences influence their
way of thinking about the teaching process, their choice of instruction
as a career, and the subsequent way in which they are involved with
professional development programs (Ball, 1988).

Elaboration. Lydia has been teaching third grade classes for the
past 17 years. From meeting with her two years earlier as a parent,
her beliefs and the philosophy of education that she holds became
known to me.
learned

more

After interviewing her and observing her class, I
about her style

of teaching.

She

shared

some

experiences from her past as a student in parochial schools and told
me about the major effect that college had on her perception of
teaching. She decided to become a teacher after meeting a "fantastic
history professor" who had

a great effect on her.

Lydia was

overwhelmed with the realization that teachers might affect students
so strongly. As a result, she concluded that "Active Learning" is a more
effective way of teaching.
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You have to get involved in the learning process
because I was not as a child. I did not get connected, and I
did not enjoy it. I don't have a lot of memories because I
was not there personally, I was there academically. In
order to get kids to remember and to make connections
between the things they learn and to transfer knowledge,
they have to be personally involved,

so I think the

curriculum has to reflect the child,

child's-centered

approach as much as can be. (Lydia)

When asked how she measures her success as teacher, she
responded:
I measure a lot of what I do by how enthusiastic
children are to proceed, and that, to me is the key. If they
are happy and they are excited and they want to go a step
further, that to me is a much greater measure of success
then whether they are able to complete a task successfully.
Because I am fully aware of the curriculum spirals, I
am not the only person that is going to be teaching this.
Whether they are successful with me on a task or not, they
will be doing it on a more extensive level next year and the
following year and the following year, but they would not
be able to do this unless they leave happy. Unless they are
happy, unless they want to learn more, unless they are
going back home thinking about what they have done, I
know! If they are bringing things from home, then I have a
sense that they are motivated and enthusiastic.
If they just seem involved, that to me is the greatest
measure of successes because they are so different and I
want them to be happy, enthusiastic, involved, and that is
the toughest one, the one that makes me not to sleep at
night.

At a different time in another interview Lydia responded:

To be successful as an early childhood teacher is to
be aware of the developmental stages at which children
are likely to acquire concepts, to provide the children
with

the

kind

of ordered

activities,

materials,

and

experiences conducive to their environment, and to be
available for support and counsel.

The issue of "co-operative learning" arose when discussing the
games, trying to figure out the best way of presenting them to the
students. To learn about Lydia’s approach and to be acquainted with
her style of teaching was important for me. She presented herself as
one who believes in co-operative learning and its importance in the
classroom:
I

recognize the

children's need for hands-on

experiences for understanding mathematics. I introduce
and foster cooperative learning in the classroom at the
beginning of the year. The usage of the manipulatives as
hands-on material make the lessons real and show the
students how you can create a cooperative learning
environment in the classroom for everyone’s benefit. I try
to address the issue of helping each other and sharing
what they know, and parallel to this, teaching them to
respect each other and work co-operatively. We have many
activities in which we exercise team work, in which they
are constantly exposed to the benefits of co-operative
learning.
I know the importance of co-operative learning in a
classroom that is composed of typical students at different
stages of development and of students who are bi-lingual.
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add to them students with special needs and you’ll
understand the importance and the contribution from one
to another. (Lydia )

Lydia demonstrated a deep understanding of mathematical
concepts

and

principles,

connections

between

concepts

and

procedures, connections across mathematical topics, and connections
between mathematics and other disciplines. Lydia, who has a sound
knowledge of mathematics, could respond appropriately to students'
questions, could design appropriate learning activities involving a
variety of mathematical representations,

and could orchestrate

9

mathematical discourse in the classroom.

She engaged students in a series of tasks that involved
relationships between mathematical concepts and procedures, and
stated:

The

acquisition

of mathematical

concepts

and

procedures means little if the content is learned in an
isolated way in which connections among the various
mathematical topics are neglected.

Instruction was not limited to a narrow range of outcomes, such
as memorizing definitions or executing computational algorithms.
Instead, instruction incorporated a wide range of objectives as
suggested in the CHIME Overview of NCTM Standards (Fall 1989).
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Further, Lydia emphasized mathematical communication with the
intent of expanding students’ understanding of mathematical content
and connections.

Lydia engaged students in a mathematical discourse about
problem solving. This included discussing different solutions and
solution strategies for given problems, showing how solutions can be
extended and generalized, and offering different kinds of problems
that can be created in any given situation. All students were made to
feel that they had something to contribute to the discussion of a
problem. One of Lydia's central goals was to emphasize reasoning in
the teaching of mathematics and to encourage students to reach
conclusions and justify statements on their own rather than to rely
solely on the authority of a teacher or a textbook.

Environment

Elements for Stimulation

The learning environment was a key element in fostering the
goals for the class' mathematics. Creating an environment that
supports and encourages mathematical reasoning and fosters all
students' competence with and disposition toward mathematics has
been one of the teacher's central concerns. The nature of this learning
environment was shaped by the kinds of mathematical tasks and
discourse in which the students engaged.

Students' learning of mathematics was enhanced in a learning
environment that was built as a community of people collaborating to
make sense of mathematical ideas. It was a key function of the teacher
to develop and nurture students' abilities to learn with and from other
students- to clarify definitions and terms to one another, consider one
another's ideas and solutions, and argue together about the validity of
alternative

approaches

and

answers.

Classroom

structures

to

encourage and support this collaboration were varied: students might
have worked independently at times, conferring with others as
necessary; at other times students might have worked in pairs or in
small groups. No single arrangement worked at all times; the teacher
used these arrangements flexibly to pursue her goals. She said:

Creating a learning environment that encourages
students to think for themselves, not simply copy and then
memorize the words of the teacher, is critical in helping
them learn the new concept of Multiplication.
I believe that the teacher is responsible for creating
an intellectual environment in which serious engagement
in mathematical thinking is the norm. The environment of
the classroom is foundational to what students learn, more
then just a physical setting with desks, bulletin boards,
and posters, the classroom environment forms a hidden
curriculum with messages about what counts in learning
and doing mathematics. If we want students to learn to
make conjectures, experiment with alternative approaches
to solving problems, and construct and respond to others'
mathematical arguments, then creating an environment
that fosters these kinds of activities is essential.
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I believe that the teacher should create a learning
environment

that

fosters

the

development

of each

student's mathematical power. I do it by providing and
structuring

the

mathematics

time

necessary

to

explore

sound

and wrestle with significant ideas

and

problems. I use the physical space and materials in ways
that facilitate students' learning of mathematics. I am
trying

to

do

my best by providing a

context

that

encourages the development of mathematical skill and
proficiency. I respect and value students' ideas, ways of
thinking, and mathematical dispositions. By consistently
expecting

and

independently

or

encouraging
collaboratively

students
to

make

to

work

sense

of

mathematics, to take intellectual risks by raising questions
and formulating conjectures, and by displaying a sense of
mathematical competence that validates and supports
ideas with mathematical arguments.

Observing the instructional environment resulted in finding out
how the teacher taught the lessons, how the class was organized and
managed,

how class discussions were used to summarize the

mathematics learning, and how students were encouraged to see
relationships and to make mathematical connections. Observing
students participating in a small-group discussion contributed valuable
insights related to their abilities to communicate mathematically. Lydia
said that she could also learn a great deal from closely watching and
listening to students during whole-group discussions.
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Atmosphere

In most classes, a few leaders emerge; and the other students
expect them to give the correct answers, write the best papers, and
receive the best grades. These others do not hope to achieve the same
degree of success as the elite; and, therefore, they may make only half¬
hearted efforts to do better. When playing a game, however, there is
no

guarantee

that the

"good"

students will win;

there is

no

monopolization. Everyone participates at the same time. A combination
of good decisions and'good luck is required to win a game. The
rewards do not depend

on conformity to a teacher's rules of

procedure, nor is there one right way of arriving at one right answer.
Also, games are not graded in the way that other activities are, and
that tends to remove inhibitions for some students. Finally, more
leadership roles are offered than would normally be available in other
classroom activities.

The first observations of the students were in the classroom
during math lessons and in the afternoon in the various learning
centers, where students were assigned to work in groups. The
students working in the Math Learning Center were on task and were
not interrupted by other students from the class. An indication to the
pleasant kind of atmosphere was evident from the group dynamics
among the students when playing. The giggling and laughter, the
sense of humor involved in solving the problems indicated how much
fun the students were having in the Math Center. Most of the parents
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said that from what they had heard and observed it was obvious that
Lydia had her own special ways of creating a wonderful atmosphere in
the class, a kind that encourages and stimulates students' learning. As
one of the parents specifically described:

The special atmosphere reduces any anxiety that
might have been there if it was not for Mrs. S. doing what
she does. The kind of atmosphere she creates, in every
class she teaches, promotes learning because it is a non¬
threatening environment, everyone knows that it's o.k. to
ask questions and o.k. to make mistakes. The students
work in teams in a cooperative way that allows students to
help and be* helped. I also believe that some students are
more willing to

learn

from

a friend without being

embarrassed.

To mention, that gender was not an issue with the students
while working in the learning centers, is significant. Students that
were assigned by the teacher to work together never refused and
cooperated with each other. Students who could choose friends to
work with chose either boys or girls, and no special comments were
made by the class members. In one of the interviews that I had
conducted with a group of five boys and five girls, I asked if the
composition of the groups in terms of the gender orientation made
any difference to them. Some of the answers were as follows:

J.: I have one best friend in this class and I play with him a
lot after school. In the class we have different activities in
which boys and girls do things together. We don't tease
each other. Some of the girls in the class are really nice
and I like to play with them (boy).
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J.: When I play with boys we fight over everything and we
argue a lot. Girls don't fight so much, so many times when
we play with your games we don’t compete and we just
play for fun (boy).
J.: I have a sister but not a brother and I really enjoy
playing with boys. We get along pretty well (girl).
R.: Everyone gets along when we play with your games, so
it doesn't really matter who we play with. It's actually cool
to play with a boy, because usually when we play sports
outside, the boys won't let us play with them (girl).
9

A technical problem

arose

as

the

observations

and

the

videotaping were carried out. After reviewing the first few videotapes,
it was obvious that the sensitive microphone picked up every sound
from the whole classroom and from every activity that was going on at
the same time. To differentiate the voices of the players from the
voices of anybody else in the classroom was very difficult. The teacher
and I decided to move the Math Learning Center to a different area.

Each pair of students who came to the Math Center was
introduced to the games, and the students were presented with ways
of playing BINGO-MATH IT (one of the games in the Mat Center). The
use of the pawn board along with the pawns was emphasized . The
students were presented with the use of the different boards and the
dice and were told the relationship between the stickers on the back
of the boards and the different color-coded dice. Also, the possibility
of playing by CHOICE or CHANCE was presented to them. The cards
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and

the

classification

to

levels were

presented

and

also

the

relationship between the numbers on the color-coded dice, the
numbers on the different boards, and the multiplication problems on
the cards.

The presentation took 25 minutes and after that the

students had to take the time to decide how to play the game:

1. Choosing the level of the bingo board, that suits everyone
2. Choosing the right dice from the box
3. Making decisions concerned with the CHOICE/CHANCE
possibilities of playing the game
4. Discussing fairness concerned with the above.

The same type of conversation could be heard as each new
couple began to play:

Mo.: I choose second hardest...
M.

: I want one like yours.[M. is looking for the same level

board.]
Mo.: It’s in the, box, keep going...
[M. finds one and at the same time she prepares the dice
and the C.C.]
M. : Oh good, we can use the same C.C.
Mo.: We should always start with Chance because otherwise
it's not fair... Because if you start by Choice you say
what to cover and you go from one number to the
other and you win, so it's not fair, so we start by
CHANCE...
M. : Oh, I get it...
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While working and playing in the center, students assumed
responsibility for their own learning. The teacher, however, felt that it
was her responsibility to create an environment in which students
were encouraged to accept such a responsibility.

The activities in the games focused on the young child's natural
inclination to count. The students were provided with activities that
enhanced children's cognitive growth. The games required a physical,
explorational, thoughtful and manipulative approach that supported
the notion that children learn best by CONSTRUCTING KNOWLEDGE
FOR THEMSELVES.

Children were naturally drawn to these manipulatives; therefore,
they got plenty of hands-on work in

sorting,

classifying and

recognizing relationships. The manipulatives were useful for counting,
ordering, and creating multiple configurations of products. Exploring
number concepts on these boards taught students about numbers up to
100. Children gained hands-on experience in place value using the
pawns and the pawn boards. These boards gave students concrete
models with which to explore the concept of place value and its
operations on whole numbers.

Students progressed from order and counting to number theory
and problem solving when they played with the different activities and
the different games. These manipulative-based activities built a
concrete foundation for learning basic math concepts.
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Due to the fact that students could choose any level they wanted
while playing the games contributed to the pleasure of playing. The
element of competition, that will be mentioned later, was never an
element in students' decisions with whom to play or if to play at all.
The knowledge that students could enjoy playing and win greatly
influenced the process of learning the multiplication tables. Knowing
that they can always look for the answer with the use of the pawn
board strengthened their willingness to try and find the answers on
their own before actually manipulating the pawn board The students
used different techniques and helped each other in the process of
finding the answers, which resulted in no anxiety, "no fear of looking
like a fool" ( as Eric said), and agreeing to play more difficult levels,
knowing that help will always be provided.

The pleasure was also the result of the knowledge that students
could make their own rules for each game. Even as the students were
preparing to play, I could see that they were trying to make their own
rules:... "rules that will be FAIR for everyone, those who are more
proficient and those who are less [proficient] "(Lydia).

The relaxed atmosphere was an indication that students were
not apprehensive about experimenting. They did not develop any
anxiety over the math and were very comfortable creating their own
rules for making the play time enjoyable. As some of them stated
during one of the interviews:
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Me: What do you think of the game?
R.:

I like it.

T.:

yes I like it too.

Me: What do you like about the game?
R.:

It's fun and if you have some numbers more than once
you learn the facts better. I like the Choiceand the
Chance and I like it when we make the rules. I like to
help when I know the answer.

Me: Does the winning make you feel different?
R.:

I don't mind not winning. When I play with my sister I
don't like to win because then we fight and I hate to
fight. I like playing, I don't care if I win.

Relationships Among Students

Relationships Between Opponents

There were three opportunities during the day for the students
to play in the Math Learning Center:
The first one was every morning in math lesson.
The second was in the afternoon, when the class was busy in the
different learning centers.
The third was when students decided in cold winter days to stay
indoors and play with the games. In the first two occasions the
students were either assigned by the teacher to work with someone or
chose someone to work with (not necessarily a friend). When staying
during recess, they would play with a friend.
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When teams were assigned by the teacher, she wanted to make
sure that a strong student played with a weaker, in order to provide
the latter with help when needed. When students chose with whom to
play, they chose to play with a friend that they "get along pretty well
with" (Joel). In those cases I observed that the choice they made had a
major effect on the atmosphere, on the way they agreed upon the
rules, and on the level of competition involved. In one case when a
student was given the choice with whom to play, she chose a boy that
was not well liked by the members of the class. When asked why she
chose him, she said:
f

No one wants to play with him and I have played
with almost everyone but him, so I thought it would be a
good idea (Jenna).

When teams were assigned by the teacher, the students never
complained. They knew that if they were assigned in the morning,
they would have a chance to choose to play with a friend in the
afternoon. There was one student in the class that no one would want
to play with because ..."he always gets into a fight with you, no matter
how hard you try and how patient you are..."(was repeated by most of
the class members).

Whether working individually or in small or large groups,
students encountered, developed, and used mathematical ideas and
skills in the context of genuine problems and situations. In so doing.
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they developed the ability to use a variety of resources and tools, such
as calculators, computers, and concrete pictorial and metaphorical
models.

After students made the choice regarding how to play the game,
the next stage was to make up the rules of the game and to choose
which bingo board with which to play. Students less comfortable with
the multiplication tables, started with a board composed of low
products and were not intimidated if their opponent chose to play
with a board of higher products. I find that it is important to mention
that this was the students' idea. When I designed the Bingo, with its
multi-levels, I was hoping that students would be able to progress from
one level to another as the level of their competency increased. To
observe students making their own rules for the game, and choosing
different boards was a very nice surprise.

As long as they had the

pawn board next to them, they found the pawn board easy to
manipulate and developed different techniques for using it (see
Construction of Knowledge). The rules involved decisions regarding
how many CHANCE turns each player should have and how many
CHOICE turns. The students also had to make decisions regarding
what would be FAIR or UNFAIR in the game, and whether to play for
one BINGO and win, or play for more than one and in some cases FOR
THE WHOLE BOARD.
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Typical conversation heard at the beginning of each game
sounded like this:

E.: I start.
J.: You started before, remember, you started with the
100..
E.: Oh yeah, so you start, what's fair is fair!!!
J.: Same rules?
E.: Same rules. I will go again with 100 it gave me good
luck...

When agreeing upon the rules, students always went through
this process calmly ancf were polite to each other. They always made
sure after suggesting a new rule that it was acceptable to the other
player. When students could not agree at the beginning upon the rules,
they would start playing and would wait for the right time to bring up
the issue of FAIRNESS while playing the game.

Mo.: I think that when you get two numbers in a row you
can start playing by CH. [ she sounds really anxious to
start playing by CH.
M. : My friends said that when you cover, you should leave
one open in case you get it again.
Me: I think you should make the rules as you go along. The
decisions have to be made by the two players that play
the game, and if there are more than two than by all
the players.

The time given for playing was also an element in the choice and
rule making process. When the students were playing in the afternoon,
they had more time to play than in the morning. In some cases some
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of them were observed playing a fast game with easier boards (low
products)

and then playing with more difficult boards

(higher

products) when there was a need to use the pawn board. Once the
students developed a technique for counting high numbers, the game
moved on with a good flow.

When players started a game without making any decisions
regarding CN or CH, the need for these rules came along as the game
progressed. While observing Molly and Jenna, I noticed that Molly had
already covered the 20's on her bingo board. She rolled the dice 3
times and got 4x5 each time... To see how Jenna did not mind and
allowed Molly to roll over and over again was very interesting. Molly
decided to go by CHOICE. She was very close to having a BINGO. She
announced that she was looking for 10—the factors of 10, because she
knew she had to look for a card with the 2 factors of 10. She closed
her eyes

trying to find what the factors were and after a short while,

she said 2x5 or 5x2.
Me: Was it fair to allow Molly to use the cards, to play by
CHOICE and to win?
Mo.: It was fair. Because Jenna chose not to play by
CHOICE.
J.

: Yes it was fair, because I chose to play by CHANCE.
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I learned from interviewing two students that sometimes
decisions were made towards the end of the game.
Me: When do you decide to go by Ch ?
L.: I decide when I have 2 or 3 left,
R.: yeah, me too, 2 or 3 left....

Competition vs Cooperation

Right at the beginning, the students realized that there were
several ways of playing the games:
1. play a competitive game

.

2 play a friendly game and provide help

When playing a competitive game, the students' choice of the
bingo board, in all cases, was a board from a level at which they felt
highly proficient. They would play either a whole CHANCE GAME or a
whole CHOICE GAME. In either case they did not use the pawn board.
The reasons they gave were as follows:

We don't need the pawn board because we know all
the answers, that's why we chose an easy board, also, we
want to play it fast and when you use the pawn board you
lose time. (Joel & Mike)
When you play by CHOICE and you decide not to look
for the cards, and your opponent believes you it's even
faster, because you don't have to roll the dice, you say the
number you want to cover, and you cover it and then it's
your friend's turn. (Molly & Jenna)
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When the students made those choices, they were either limited
by the time given to them or when they decided to play for fun and
had no assignment from the teacher. There was a time limit when
they played during recess, or when was the Learning Centers Time
and the turn to play in the Math Center was not theirs. I noticed that
the students liked quick tournaments in which they made bets on who
would win.

The element of competition was reduced to minimum when two
players were helping each other while playing. Students that were
competitive in sports said that "playing Math is different"; and when
asked to elaborate, one of them said:

...when I play with someone that knows math less
than I know, I feel like I have to help him so that it will be
fair,

because he should know the MULTIPLICATION

TABLES by the end of the year, and besides it's fun, I don't
care if he wins, it’s only a game, and next time I might
win. ( Adam )

After

learning

in

math

lesson

(in

the

morning)

a

new

multiplication table, students were advised by the teacher to challenge
themselves with a bingo board from a higher level. The increase in
difficulty, which brought back some of the competitiveness of
challenging their own knowledge and attempting perhaps to exceed
the level of competency of their opponents, required the use of the
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pawn board; and each game lasted longer periods of time. The
students were teamed up by the teacher, as mentioned before;
therefore, different boards were chosen for each game.

A different kind of gaming was involved when students had the
need to use the pawn board. They were helping each other figure out
the answers, and little by little the element of competition that
appeared first faded. The help was provided in several ways, three sub
categories were classified:
a. giving the answer straight foreword
b. helping with the use of the pawn board
c. giving clues to different strategies that could be used for
finding the answer.

Students would decide in advance if they were going to play a
friendly or a competitive game. I never heard the decision said in so
many words; usually it was evident by their making up the rules of the
game. The most important thing that should be mentioned is the fact
that students were helping each other find the answers. This was an
indication that they were not playing a competitive game and could
care less about who won. As previously mentioned, help was provided
in different ways; providing the answer straight forwardly was often
evident. When Kate and Ashley were playing, Kate rolled the dice, 3x8;
she said she did not know the answer [looked like she decided to do it
in her head]. She did not take the pawn board for assistance in finding
the answer. Ashley smiled, she gave Kate signals that looked as if she
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knew the answer; she showed signs of her intention to help Kate. Kate
was looking for help.

Ashley counts using her fingers to prove her answer
is correct, shows Kate that the answer is 24: 'I did 8 and 8
is 16, and than [uses her fingers] 17, 18, 19, 20, 21, 22,
23, 24 easy...' Kate takes some bingo chips and covers the
24's on her bingo board.

When two other players faced a situation in which one of them
could not determine the answer, the help was provided accompanied
with an elaborated explanation.

Mo.: 4x6,
M. : 4x6, [she waits a second], first you do 6+6 is 12 and...
Mo.: Oh, we know our 4s, [ Mo. sits down], 6+6 is 12 and
12+12 is 24, so 4x6 is 24, you double your doubles...
M. stands up helping Mo. to cover the 24's.

The second type of help was provided by students while trying
to find an answer by manipulating the pawn board. The manipulation of
the pawn board was well liked by some students and not by others.
Those students who were number conservers and could see the
change in the structure of the rectangles while looking for the factors
liked the use of the pawn board The students who were found to be
non-conservers were not fond of the pawn board and tried to develop
different techniques for finding the answers. The help provided was by
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students who liked dealing with large numbers and finding the answer
by using the Place Value for counting, (for more see Number
Conservers and Non-conservers)

E.: 9x8, looks at Joel with a confused look on his face.
J.: you know your 9's!!!
E.: I don't...and starts arranging 9 rows of 8.
Joel leaves his seat and approaches Eric and starts helping
him to arrange the rectangle. S. decides to count by 8s : 8,
16,...and he gets stuck here and can't continue...Joel
suggests that he arrange the rectangle in rows of 10s and
than to count. Eric takes his advice and does it and forms
7 rows of 10 and 1 row of 2 and says after counting by 10’s
: 72.

Students who were found to be non-conservers were helped by
their mates when teamed up by the teacher. When they played with a
student that was less proficient with the multiplication tables, they
provided the same kind of help that was given to them previously. Eric
was very insecure with the multiplication tables of the higher numbers
but was happy to play with Joel, especially after realizing that Joel was
helping him finding the answers. He was playing with a board with low
numbers and enjoyed being teamed up with Joel. When Eric was
teamed with Sokha, who was bi-lingual and had many difficulties with
the language and with math, Eric felt responsible for him and was
helping him the same way as Joel was helped by Eric the previous day:

Eric tries to explain to Sokha how he found out that the
factors for 9 are 3x3. He uses the pawn board and makes a
rectangle out of the 9 pawns he has. After checking with
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Sokha to see if he understood, he covers the 9's and he
gets a BINGO. Eric then tells Sokha that he could win too
if he found

the answer for 14. He starts to arrange one

row of 10 and a second row of 4 and starts moving pawns
from the 10’s row down to the 4's row till he gets 2 rows
of 7, he says 7x2, points for Sokha where the 14’s are on
his bingo board and says: WE BOTH WON AT THE SAME
TIME !.

With Mo. and M. it was the same. When Mo. played with J. who
was very comfortable with all the multiplication tables. Mo. received
some clues and assistance from J. When Mo. played with M., she had
the advantage of knowing more tables then M. knew; and, as a result,
she was helping M. to find the answers.
Mo.: Wait, wait, 24 is...
M. : No, let me find out. She turns to the pawn board and
arranges 2 rows of 10 and 1 row of 4, and than starts
moving them down and finds that they can be
arranged in 3 rows of 8, she says 8x3 or 3x8 are THE
FACTORS OF 24...
Mo.: You can find two other factors if you keep moving the
pawns...
M. takes Mo.'s suggestion and keeps moving the pawns till
she gets 4 rows of 6...and than she says: Oh ye, 8x3 and
6x4 is 24... she picks up a deck, looking for the card,
she finds 8x3 and covers the 24's...
Mo.: And I got mine all ready...
[M. gets off her seat, approaches Mo. and says:] I’ll help
you...
Mo.: 6x6 is 36, she covers the 36's and says: I WON!!!
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The clues given by the students were of different kinds, and the
language they used indicated their understanding. The decisions they
made as to what technique would be used in order to find the answer
varied from student to student. A few samples would provide the
reader with more insight as to the ways they played with and against
each other:
1.
Mo. turn: 5x6
J. : Do it by 5's, count by 5's.
Mo. quietly counts by 5's and stops at 30.

2.
E.: I go first, I want to cover the 100s. What makes 100?
50x2 ? 4x...?

10x5...

J.: 10x5 is only 50, you ca go by 10s if you just keep
counting 10x6, 10x7, 10x8, 10x9, ...
E.: 10x10...
J.: Yes
E.: 10x10 is a 100
[ it was very interesting to observe the two boys. Joel was
very protective of Eric trying to help him out, trying to
avoid Eric's embarrassment not knowing :"what makes a
100”1.
3.
Mo.: It's my turn to choose...
M. : What MAKES 36?
Mo.: No, no, 18,

...9x2, picks up a deck looking for the

card. There is not any 18 here...
M. : What deck do you have?
Mo.: the orange,
M. : You can't find it in the orange, only in the red because
the red has 9s in it, look at the orange die and look at
the red one...

you can find 9 only on the RED DIE, I
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AM TELLING YOU.... she pick up the red deck and
starts looking for THE CARD...
Mo.: I can find it in the white deck...[teases M.]
M. : no
Mo.: YE E ES, because 2x9...ah ah ah....
M. : but you said 9x2.oh wait, I found it...
Mo. covers two 18's [and hums a melody...]
R.: I think you might want to go by CH next time...[ she is
showing L. the missing numbers on her bingo board
that might lead her to having a BINGO if she will go by
CH.]
R.: 8x5...[tries to find the answer in her head; and when
realizing she can't, she turns to the pawn board]
L.: You know YOUR 5 s!!!
R.: Oh, yeah...[looks at the ceiling, taps her fingers on the
table, counting by 5's, and says:]...40

After I pointed out to the teacher that students apply their
previous experience of co-operative learning while playing the games,
she said:

To further enhance thinking skills, students work in
groups, pairs or individually at regular intervals in each
topic. They then explain their methods to peers and listen
to those of others. This supports vocabulary and problem¬
solving

skill

development,

as

well

as

providing

opportunities to think independently. Teacher guides give
complete instructions for using this technique with the
start of each new concept and then present a carefully
guided sequence of activities to insure that students
develop the most efficient methods for solving problems. (
Lydia )

140

The assistance students provided to each other took shape in
several more ways and was given for the purpose of overcoming
difficulty/obstacles and for enriching the learner s knowledge of
methods available for use when solving mathematical problems. These
were as follows:

1. Reinforcing something that was partially understood
2. Providing new insight about something unknown
3. Teaching how to use the pawn board for finding a product of
large numbers - by counting 10's and using PLACE VALUE
4. Teaching a shortcut for getting an answer.

Part of the fun of playing turned to be teaching a mini-math
lesson to a friend.

At the same time that J. started to look for the card she
needed. Mo. couldn't wait for her turn and asked out loud:
"What have the 2's in it? the whites?"
J.: Yes. Actually, every die has at least one 2.
On the white die we have : 2x2, 3x2, 4x2...
on the yellow.: 4x2, 5x2, 6x2...
on the orange.: 6x2, 7x2, 8x2...
on the red.: 8x2, 9x2, 10x2..
Mo. was looking at the dice while J. was explaining and
seemed to like what J. was teaching her.

Sometimes probing by one of the players led to a more in depth
explanation. Students that were involved in the process of being taught
by a friend showed no signs of embarrassement when asking for more
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clarification and further explanations. Students that were observed as
non-participants in the formal math lesson and hesitated to ask
questions then were not embarrassed to admit that they did not know
the answer and sought help from their opponent. I observed that the
whole process of learning from a friend was more fun to both parties.

Mo.: I want 48 but I don't know how to find the factors...!
Mo. started to use a different mathematical language
while playing the game!!!).
J.

: What are the factors for 40?, you just had it before...

Mo.: 10x4
J.

: What are the factors for 50?

Mo.: 10x5
J.

: You are between 40 and 50...

Mo. leans her chin on her hands, looks at me, than at J.
and says that she has no idea how to find the answer.
J.

: 24 is half of 48, you know the factors for 24...

Mo. gets more confused and has no clue how to resolve it.
J.

: Mo. use the pawn board, if you try it this way it will be
much easier for you. Mo. nods her head and says she
does not mind trying. Instead of counting them she
starts by arranging them in rows of 10's.

She

completes 4 full rows and adds 8 more. Next she
starts to arrange them in 2 rectangles of 24 in each.
She looks at what she got and says 4x6 is 24... then
she arranges the 2 rectangles together into one. For a
short while she looks at what she got and says that the
factors of 48 are 6 and 8. J. looks very involved in
what Mo. was doing, after Mo. was done she asks: "why
did you arrange two rectangles of 24?
Mo. looks at her and says: 'because I knew the factors of 24
and I doubled my doubles.'
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Reinforcing each other turned out to be an integral part of the
game. Not just that the element of competition did not play its part,
students were giving feedback to each other and encouraging and
exposing each other to what they themselves knew. The patience
endured by all participants and their willingness to share their
knowledge was a most important and pleasant thing to observe:

J. : 6x6, [she thinks for a second and says] 36.
R.: I can count it by jumps, and explains: 6,12,18.36.
[seems

to

be

very

pleased].

I

know

all

the

multiplication tables except the 7's. I can count by 5's
[and starts to demonstrate] : 5, 10, 15.I can go by
4's: 4, 8, 12.by 3's: 3, 6, 9, .... I know my 9's and
the 10's, that's the easiest, I don't know the 7's...
J.: Robin I think that you know more than you think you
know...Let's see, you said that you know your 2's, so you
know 2x7,you said that you know your 3's, so you know
3x7, with the 4's--4x7, with the 5's—5x7, with the 6's-6x7, with the 9's-- 9x7, with the 10's—10x7, How
about the 8's?
R.: It's 56
J.: So, we got left only with 7x7... which is 49...
R.: So if I memorize 49 I can say that I know ALL THE
MULTIPLICATION TABLES !!!! [R. seemed to be VERY
HAPPY with the new discovery].

Students' tolerance towards each other was demonstrated not
only by sitting quietly while their opponent was looking for the answer
but especially by going one step forward and showing how to find the
answer or pointing out a mistake and immediately coming up with a
better suggestion for finding the answer.
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E.: 9x4, (Eric started to count 9 holes on one side of the
pawn board and 4 holes on the other side, he holds his
fingers and starts counting the holes, after completing
the counting he announces: 37
J.: Wait, Eric remember we know the 9's: you go one
number lower and the answer adds up to 9...
E.: it's 37 , I know!
J.: Use the pawn board with pawns and I'll show you how
to count really fast.
[Eric agrees and starts to arrange 4 rows with 9 pawns in
each row. He starts counting and gets stuck, he counts
the same pawns more than once. [I ask him to explain
me his way of counting].
E.: I count by 4's: 4, 8, and than I count by ones 9,10,
11.
J.: I can show you another way of counting, do you want to
see?
E.: yes, sure...
Joel was getting out of his seat, approaching Eric and than
started to show him how to move the pawns into rows
of 10's. He arranged 3 rows of 10 and one row of 6.
J.: You see, 9x4 is 36 and it is really easy to count 36 if you
arrange them in rows of 10's.
E.: Hey, that's easy!!!
J.: Yes, it is, you can try it on your own next time.

There were a few incidents in which students would probe and
challenge each other for more information. These incidents were
characterized by a great sense of humor and had a challenge intonation
to them.
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L.: I think I'll go by CH...4x5
R.: What deck are you going to look at?
L.: the orange...
R.: but the yellow has 4,5 and 6, so you should take the
yellow deck...
[L.listens and agrees, she takes the yellow deck, looks for
the card and presents it to R.]
L.: [with a grin...] 4x5 equals 20, and she covers...
R.: what are the other factors of 20? I think that we had it
in math...
L.: 1x20 and 2x10
R.: Oh yeah..

Construction of Knowledge

Central to current theories is the view of the learners as active
participants in learning.

Learners construct their own meaning by

associating new information and concepts with what they already
know and building hierarchies of understanding through the process
of assimilation and accommodation. Mathematics is learned when
learners engage in their own invention and impose their own sense of
investigation and structure.

Learning is an active, dynamic, and continuous process that is an
individual and a social experience. Children are naturally inquisitive
and have a desire to learn. Their early experiences reflect the
excitement of discovery.
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Four major classifications of themes emerged as consistent
patterns of construction of knowledge:
(A) Use of strategies for finding the answers.
(B) Use of the Pawn Boards and their effectiveness.
(C) Use of Language.
(D) Retaining and Retrieving of all past experiences.

For each of the four major themes classified, sub-categories were
developed to further describe the dominant patterns of these themes.
Examples of common behaviors are cited to describe each category
and to demonstrate the validity of the classification scheme. Finally,
the context surrounding the themes in each category is identified in
order to understand the underlying conditions associated with the
occurrence of the findings.

Use of Strategies for Finding the Answers

In playing Bingo, different strategies were used by the students
for finding the answers. The answers they were looking for were
either PRODUCTS or FACTORS. They looked for PRODUCTS when
playing by CHANCE—after rolling the dice or spinning the spinners.
They looked for FACTORS when playing by CHOICE—when deciding
what the next number to be covered would be. With progression of
time and with the gaining of more experience, I observed that
students gained more competence and became more confident with
the techniques chosen to find the answer. The students were playing
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at their own level, experiencing and experimenting, and constructing
their own

knowledge.

They each went through

different non-

hierarchical stages while playing, not necessarily in any sequence or
order; this factor was mutual to most students.

A stage that most students went through was the one of
counting: students counted and added, either quietly in their heads
(explained by students and varified in interviews) or out loud. The
concept of Multiplication was introduced to the class by Lydia as the
following:

..a process of adding that is being changed as we
have to add more and more, this process of multiplication
is saving us the trouble of adding and gives us a short way
to find the answer. Multiplication is an operation on two
numbers, called factors.
( Lydia)

The first exercise the students had to do was to determine
which human body parts come in pairs. After making a short list on
the over-head projector, the students were asked to calculate, for
example, how many eyes 5 or 6 students would have if we know that
they each have two eyes. The first operation they had to do was to add
2+2+2 and find the answer. When this operation was presented to
them as 2x3 and was defined as "multiplication", they were introduced
to the word factors. The students looked upon the "numbers that
made a new number" as a factory, in which the numbers become
factors. On that same note, by means of that "factory," a sum become a
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product. Those new terms/definitions were put to use by the teacher
and by the students in class on a regular basis in math classes and in
the Math Center. One of the first activities the students were involved
in during a math-lesson was to make a list of things in the class that
come in 2's, 3's, etc.up to 12’s.

The next activity was in groups. Each group had to pull a number
from the teacher's hand and invent a question or problem using the
given number and the information from their charts. Some examples
given by the students were as follows:
9

*

How many ears

* How many days

on 7_children?
in 3 weeks?

* How many months in 7 years?

Unifix cubes were available on every table. The students were
encouraged

to

create

a

model

of

the

problem

using

those

manipulatives. To observe the students in their activity was very
interesting: students were helping and encouraging each other, using
Lydia's phrases of feedback and positive reinforcement, and explaining
to each other. Some groups had discussions around the question of
how to make the model using the unifix cubes.
Example: How many cents in six dimes?
The argument was whether to arrange 10 groups of 6, or 6 groups of
10. The students spent a fairly long time trying to reach an agreement
that would be accepted by all members of the group. They worked
cooperatively and enthusiastically attempting to solve this dilemma.
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On the day when the "100 boards.'' the PAWN BOARDS, were
introduced to the class, Lydia started the lesson by asking Jack to tell
the class what his question was the previous day.

Jack: How many months in 7 years?
Lydia: How did you arrange your model using the unifix
cubes?
Jack: 7 groups of 12
Lydia: Why did you make 7 stacks of 12?
Jack: Because each year has 12 months
Lydia: What difficulty did you have?
Jack:

It was hard to count so many cubes, it took a long

time
Lydia: So what did you do?
Jack:

I took 2 cubes from each 12th stack so that there
were 10 left, and I made new stacks with 2's. Then I
could count 84. I had 8 stacks of 10, I counted them
by 10's as we did with the cuisinaire rods.

Lydia: Look at these boards (presenting the square wooden
boards with the 100 holes). How can they help you
arrange your groups?
Jack:

Oh yeah, if there are 10 holes in each row, then it's
easy.

The students pulled out pawns from the wooden boxes and
started to place them in the holes of the boards. They looked very
surprised to see the new manipulatives. They were very eager to touch
and place the pawns on the boards.

Lydia presented the students with the activity of the day: "Egbert
sells eggs. He wanted to make a carton which will hold 20 eggs. Each
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row in the carton must hold the same number of eggs. How many ways
can Egbert make the carton?" After reading the problem together, the
students were encouraged to go back to their teams and work
together on solving the "Egbert problem" (see Appendix H). The
students had the right to choose if they wanted to use the unifix cubes
or the new set of the manipulatives. Every group chose to use the new
pawns and boards. The students were encouraged to use different
kinds of suggested manipulatives and were taught how to use them for
their own benefit. They were encouraged to explore and find solutions
using the manipulatives, and they were stimulated to create meaning
for themselves. The students were encouraged to make connections
based on previous experiences.

To observe the different ways in which students used the
manipulatives was very interesting. They created a "visual memory"
(spacial representation) of certain structures and rectangles which
helped them to solve problems in a very quick way. The 3-dimensional
manipulatives helped students visualize the structure that they had
created by themselves. The concrete structure was clearer to them
and made it easier for them to make connections between the
concrete and the abstract.

The words "factor" and "product" were repeatedly practiced in
problem solving. With reference to the Egbert Problem, the teacher
asked for the students' ideas regarding the different structures that
can be constructed with the use of the egg cartons. She then wrote on
the board the factors that each structure represented:
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1

X 20 = 20

20 X
2

1 = 20

X 10 = 20

10 X

2 = 20

5

X

4 = 20

4

X

5 = 20

On the over-head projector Lydia summarized that the factors of
20 are 1 , 2,4,5 , 10,20. The students were asked to find a pattern
in their experiments with the manipulatives and compare it to their
carton structures. When asked: "Which two numbers pair up," the
students responded "1 and 20, 2 and 10, 4 and 5." The students were
very excited and found tjiis discovery, "cool".

Teaching multiplication with a new set of manipulatives, in
addition to what had been used in the past, was Lydia's first time. She
was very excited to see how fast the students made connections
between the fact and the visual display on the board. She mentioned.

...in previous years, when using the unifix cubes, the
students had difficulty seeing the rectangles and making
connections between them and the factors of a number, as
well as discovering the patterns so quickly. Manipulating
the unifix cubes made them see colors as opposed to
rectangles. With the pawns, they get a 3-dimensional
picture right away that becomes a memory and helps them
in the understanding of the concept. (Lydia)

Students' attitudes and behaviors regarding certain things, such
as calculations etc., were observed to be similar between both the
morning and the afternoon classes. If the students felt uneasy about
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doing something in the morning classes,

they felt that same

uneaseness in the afternoon. Students felt more comfortable counting
small numbers, and so it became obvious that they did not multiply but
added. In some cases the counting was, as mentioned previously, done
out loud, and in others cases it was done under the table using their
fingers.

Ashley rolls the dice:4x3, she stares at Kate, removes
her hands from the table to use her fingers for counting
under the table, for finding the answer. After a short while
she says: 14. She waits for Kate's approval, Kate shakes her
head from side to side letting her know that it is the
wrong answer.

At a different time with another group:

Molly's turn; she rolls the dice: 7x3.
She repeats a few times 7x3, looking at me, trying to get
some help. [I am trying to avoid her in order to see what
she will do]. She decided to use her fingers. She says
7+7=14 than she counts using her fingers: 15, 16, 17.21.
Jenna: So, what was your question?
Molly: 7x3=21
Jenna nods her head, smiles and says 7x3=21 and she
moves on to play her turn.

There were students that counted consecutively, that is by ones;
and there were those that counted by use of multiples of 2, 5 or 10.
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Mo.: 5x6, looks at the ceiling, than at Jenna and at me. She
removes her hands from the top of the table to under
the table, closes her eyes and after a while says: 30
J.

: What is 30?

Mo.: [counting by 5's, using her fingersl, showing us: 5,10,
.30
J.

: yes, 5x6 is 30.

E.

: I would like to cover 45. The factors of 45 are 8x5...

J.

: smiles, asks Eric if he wants some help

E.

: No, wait: uses his fingers and start counting by 5's,
and then says: 9x5...Oh, yeah!

When counting by multiples, 2's, 5's, and 10's were the most
popular and the easiet with which the students had to
deal. There were, however, occasions when students counted by other
multiples.

R. : rolls the dice - 6x7?... I can do it, she starts counting
by 6's using a very soft voice: 6, 12,... 18...and she stops.
Me: Would you mind doing it out loud so that I ll
understand what you're doing...
R. : 12 and 12 is 24...24 , let's see, 24, 36... 36 and 6 I
guess is 42...but before I counted in jumps of 6's, and I
got stuck after 18...

Students who were more proficient with the multiplication
relied

on

their

knowledge

and

integrated

techniques in their methods of finding an answer.
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more

sophisticated

T. : rolls the dice - 5x9, uses fingers, and counts by 5's out
loud and says 45.
R. : rolls the dice - 7x6, uses fingers to count and says 42.
Me: how did you count 42?
R.

: I know that 7x5 is 35, so I added 7 using my fingers
and got 42. I know that you can do it in a different way,
6x6=36 and add another 6. You see, we did not learn
the 7’s yet so I try to do it in other ways.

To mention that there were students that were reluctant to
count out loud, either by ones or by multiples, while others felt
comfortable counting out loud right from the start is significant. One of
the students said:

...my mom wants me to do everything in my head,
but I don't think I can, and I can't learn all the facts by
heart. Mrs. S. said that I should not worry and that I can do
it out loud, but I don't see that my friends do it out loud, so
I don't do it either. My mom said that I can't use my
fingers because that's not how you do math...(Eric)

When asking parents their reaction to their child's use of fingers
for counting, most of them stated that they were using their fingers
for counting when they were in elementary school and that they were
told by their teachers to memorize the tables. Tests followed each new
learned table, and the learning was based on rote memorization. One
parent described:
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I remember being afraid to come home and tell my
parents that we have learned a new table, because than my
father would take me somewhere and we started to review
and memorize and before I went to sleep he and Mom
would test me. Oh, how I hated it! (Mandy)

Not wanting to count out loud or not wanting to make any effort
in Mental Math resulted in the use of the pawn board for finding the
answer. The students were constantly encouraged by the teacher to
use the pawn board for creating rectangles. Students felt very
comfortable choosing bingo boards of different levels, knowing that
they could count on the use of the pawn board to aid them with the
calculations.

The pawn board for some students was a reassurance that what
they were doing was correct. Creating rectangles on the pawn board
and having a visual picture helped the students understand the
connection between the rectangles and the relationships among them.
They learned to "double the doubles" and understand the relationships
between the multiples of 2's, 4's and 8's, the relationship between 3's,
6's and 9's, that between the 5's and the 10's; and the uniqueness of
the 7.

A.
Mo.: I choose 24... she picks up the first card on one of the
decks, the card indicates: 4x6. She looks at me and at
J. with a confused look on her face and uncertain
voice, [she presents insecurity to me although it looks
like she is trying to give the opposite impression].
Jenna looks at her and does not respond.
Mo.: yes, I know! because 6+6 is 12 and 12+12 is 24,1 just
double the doubles.
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a
M. : 4x8, turns to the pawn board and starts to arrange the
pawns in rows of 4x8. after having the block she
counts 32.
Mo. offers her help and wants to show M. how to count by
10’s.
M. : No, thank you, I know it's 32 because 4x4 is 16, and if
you do 16+16=32.
Me : That was excellent!!!
They both look at M.'s board trying to locate the 32s and
they do,than they both cover them.
Mo.: 4x6,
M. : 4x6, [she waits a second!, first you do 6+6 is 12 and...
Mo.: Oh, we know our 4's, [Mo. sits down], 6+6 is 12 and
12+12 is 24, so 4x6 is 24, you double your doubles...
M. stands up helping Mo. to cover the 24's.
M. : 6x7
Mo.: I had that one, [tries to think], dudidudidu...
M. uncovers one of Mo.'s numbers on the bingo board and
finds the 42 that they both covered before. : it's 42...
[M. is happy].
Mo.: yes it is, I told you I had it before...

In one

of the morning math lessons,

the

students were

introduced to the "TRICK OF THE Q’s". The teacher wrote on the
board the multiples of the 9's and asked the students to look for
patterns to see if they could find any. The students noticed that the
digits of the product on the left side start with 1 and "go all the way up
to 8" (Aaron), and on the right side they start with 9 and "go all the
way down to 1" (Joel).
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1 x 9

9 /tv

2x9

18

3x9

27

4x9

36

5x9

45

6x9

54

7x9

63

8x9

72

\^9 x 9

Ni/81

The teacher asked the students if they could find anything else.
After waiting for a while, she exposed them to the fact that each time
when they multiply a member by 9 they can see that the ten's digit will
be "one less than the number they multiply" , and that the one s and
ten's digits always add up to 9. For example: 7x9, the answer should
start with 6, (7-1=6), and the second digit will add up to 9, so it
should be 3; therefore the answer is 63 (6+3=9). The students had
many chances to practice the new "Trick". They loved using it, and the
fact that they could play with boards from the red level made them
even happier.

As long as the students chose to play with boards of an easier
level, they were confronted with multiplying low numbers. When this
occurred I had the chance to check with them how they found the
answers:

Me: What do you do when you have to multiply 6x9?
J. : I know my 9's.
Me: What do you mean?
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K.

: Yes, we know that if you have 5x9 , for the answer you
take 1 from 5, and it's 4 and you add to 9 and the
answer is 45. Mrs. S taught us the trick.

B.

: You can also count them if you want to check your
answer: 9+9=18, 18+18=36 and so on, but it's much
easier to do it with the trick of the 9's.

Mo.: Yeah, it's much easier.

In forming their understanding of the concept, students would
share with each other what they knew or did not know, what had been
clear to them for a while and what was not, and last of all they would
bring some things that were explained to them at home.
9

T.: How much is 9x8?
R.: 9x8 is 72, remember the 9's?
T.: Oh yeah , my mom gave me another way: 8x10=80 take
away 8. What's 80 take away 8?
R.: 72
T.: you're right it is 72. With the trick of the 9's it is the
same, because 7+2=9.

M.: I need 72, oh I know what it is, it is the 9's, I think it
is 9x6, no, it is not , it's 8x9... yes! and she picks up the
deck, looking for the card.
R. works with the pawn board, she had all the pawns from
her previous turn, she decided not to remove them.
While M. was looking for the card she was working
with the pawns and found that the factors of 72 are
indeed 9 and 8.
R.: I know why you were confused, because Mrs. S. told us
that when we use the trick of the 9's we have to take
away 1, so when you had 72 you thought you have to
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take away 1 and that's why you said at first 6x9 and
only after you said 8x9, that's why I decided to do it on
the pawn board.

Another technique used by the students for finding answers, in
the process of constructing their own knowledge, was to multiply to
the closest number known and add the rest. They were using their
previous knowledge as an "anchor" to hold on to and improvised as
necessary. Using more than one technique for finding answers enabled
them to choose boards from higher levels without being concerned
with knowing the answers or not.
¥

Joel rolls: 6x6, 36. I had it before.
E.: 36 is also 12x2
J.: no, 12x2 is 24
E.: Oh yeeee... 12+12=24 and another 12 is 36, so it’s
3x12.
E.: 9x8, looks at E. with a puzzled look on his face.
J.: you know your 9's!!!
E.: No, I don't...
J.: What is the closest number you know?
E.: I just had 64, and that was 8x8.
J.: So add one more 8, because you have now 9x8.
E.: counts using his fingers: 65, 66,....72. Oh so the answer
is 72.

While playing the game, students constructively evaluated their
own actions and those of other players continuously. Success came in
the appearance of good tactics and strategy. A player quickly
discovered whether the tactics being used were effective. If they were
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not, re-evaluation often took place; and ways were found to improve
upon the strategy. Their startegies could also be classified as
heuristics; thus, the student gained a wealth of new information.

Conservers of Numbers and Non-Conservers

CONSERVATION deals with the ability to preserve amounts,
including number, length, solid or liquid, area, weight, and volume. A
child who conserves number understands that the number of objects
does not change if the aarangement of the objects is altered (assuming
that no objects are removed or added). Although the child knows the
names of the numbers, she/he has not yet grasped the essential idea of
number; namely, that the number of objects in a group remains the
same, is "conserved", no matter how the objects are shuffled or
arranged. The child who can say consistently that the number remains
the same no matter what changes in configuration are made is said to
conserve number or to have the concept of conservation of number.

In order to develop this concept, some children need a great
deal of experience with manipulating objects. The pawn board and the
pawns were suppose to offer opportunities for making many different
configurations with the same set of pawns. The pawn board and the
pawns were supposed to be used in several different ways to display
information graphically. The ability to perceive patterns is an asset in
learning mathematics as well as in other areas. Children at an
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appropriate stage of development may be asked to verbalize a pattern,
such as "two times twelve" is the same as "eight times three" or "six
times four".

As the children become proficient at counting and are ready to
associate numerals with the number of objects, they can choose the
correct numeral card and place it beside the objects they have
counted. Assuming that children can conserve number, there should
be no confusion between the activity of comparing lengths or rows of
tens and the arrangements of the configuration of any multiplication
fact.

At the beginning of the new topic, multiplication, the students
were assigned to work in teams and find factors to different numbers.
Each team had the choice of working with Unifix Cubes, the new set of
the manipulatives- the Pawn Boards with the pawns- or both. The
students had to work
with small numbers, up to 25. Every team was composed of a strong
math skilled student, a student that was not as proficient as the first
but willing to try, and a non-proficient student who demonstrated
anxiety towards math and needed a lot of encouragement. An
interesting process kept repeating in most teams. The students were
supposed to extract 24 pawns from the box and then close it. They
were supposed to arrange the pawns in one row of 24, and then
illustrate it on graph-paper using a uniform color and filling in one row
of 24 squares. In addition to that, they were asked to write the first
two factors: 1 and 24. Next, they were asked to repeat the process.
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except to rearrange the pawns in 2 rows instead of one. They were to
color in 2 rows of squares on the graph paper and add to the list of
factors two more: 2 and 12. At this point they were encouraged to
manipulate the pawn board and try to arrange the 24 pawns in three
rows. One of the students arranged the pawns in three rows and said
out loud that the pawns could be arranged in three rows of eight. A
response to this discovery was that, in most of the groups, one or two
students began to argue that the new 3x8 rectangle was not composed
of 24 pawns but more. The students were encouraged to question and
challenge each other. The student that did not believe that the
rectangle was composed of 24 pawns removed the pawns from the
board and started to count them one by one. He counted 24 and said
that "it looks weird..." The whole group was now coloring three rows of
eight on the graph paper, and they wrote the next two factors: 3x8.
One of the students decided to take the next step and tried to
organize the pawns in four rows. After the pawns were arranged in
four rows of six, the same thing happened again. The students that did
not agree that there were 24 pawns in the arrangement of 3x8 did not
agree that there were 24 pawns in the arrangement of 4x6. The same
process recurred: the pawns were taken off the board and were
counted one by one. After the students found that there were 24
pawns, and only then, they accepted the fact that they should write
these two new numbers as the factors of 24. Finally, a rectangle of 4x6
was colored on their graph paper.

After talking with Lydia and presenting her with my discovery
that the pawn board was not as helpful as I thought it would be, we
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decided to look at the video together and to see the whole segment
again.

The

hypotheses

that those

students were

not number

conservers came up and with it the question about testing the whole
class. The idea was to test the whole class in order to learn which
were number conservers and which were not, and to then find out if
there was any correlation between being a number conserver and
being abile to see the different configurations on the pawn board that
represented different factors of numbers.

Piaget’s Tests

Conservation of Number. The student was presented with five
wooden beads and five wooden cubes that were close in size. I had
arranged the beads in one row and the cubes in a second row. After
the student and I had established that the set of beads in the first row
was equal in number to the second row of cubes (figure A), I then
distributed the cubes, as seen in figure B, so that the perceptual oneto-one correspondence would no longer be apparent.
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A

0

0

0

0

0

*

*

*

*

*

0

0

B

0

0

0

Figure 5: Piaget's test - conservation of number

At this point, none of the cubes was directly below the beads as
seen in figure B. The problem was whether the two rows which now
differed in physical arrangement were still equal in number. The
question was whether children accepted this simple and basic idea
that the quantity of number has not changed. This example clarifies
the predominant tendency of this stage. If the child thought that the
two rows were not equivalent in number if they do not have the same
lengths, she/he failed to conserve the numerical equivalence of the
two rows. To her/him, equality of number was determined solely by
equality of lengths. The results of this test helped me to determine if
the child was a number conserver, that is, if the child were able to
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recognize that the number property of a set remains invariant despite
irrelevant changes such as the mere physical rearrangement of the set.

Conservation of Continuous Quantity. At the second test, the
child was presented with two identical glasses, each filled with equal
amounts of liquid, and was asked whether the two glasses contain the
same amount or not. After the student agreed to the equivalence of
quantities, the liquid was poured by either me or the student from one
of the two identical glasses into a third, differently shaped glass
container. The amount of the liquid in the third glass appeared both
shorter and wider than that of the original glass. The student was
asked whether the two glasses contained equal amounts of liquid. If
she/he asserted that they did, she/he was also asked to explain why. If
she/he said that the amounts were different now, she/he was asked to
explain why. If the student asserted that the amount that had been
poured from the original glass to a different shaped glass was always
the same as the amount remaining in the original glass, then she/he
had conserved continuous quantity. That is, the student recognized
that merely pouring the liquid from glass to glass, even a differently
shaped one, did not increase or decrease the quantity; the "amount" of
liquid remains the same (or is conserved) whether it is in the original
glass or in a differently shaped glass. Since pouring the liquid to
different containers did not change its quantity, if the student did not
consistently assert this equality, then she/he had failed to conserve.

Conservation

of Substance. In this test, the student was

presented with two identical balls of play-dough. She/he was first
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asked whether there was the same amount of play-dough in both balls.
If she/he did not think so, she/he was asked to take away or add some
dough to make them identical. Then I changed one of the balls to a
sausage shape, while the student was watching. The student was asked
to decide whether or not the ball and the sausage had equal amounts
of substance. As in the liquid situation, the ball was changed into a
variety of different shapes. If the student consistently asserted that the
ball and the new shapes had equal amounts of substance, then she/he
had conserved substance and had recognized that merely changing the
shape did not alter the amount of matter involved. If the student
insisted upon changes in the substance as a result of the changes in
the dough (different shapes), then the student was identified as a nonsubstance-conserver.
I found tf at out of 23 students:
yes

no

Conservation of number

6

17

Conservation of Continuous Quantity

10

13

9

14

Conservation of Substance

Figure 6: Conservers vs non-conservers

After testing the students and finding out that so many of them
are not number conservers, was easier to understand the students that
. could not "see" the changes of the different configurations of any
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product with which they had to deal. There were major differences in
the strategies used for finding the answers among the students who
were found to be non-conservers of number and the students who
were number conservers. Students who were found to be numberconservers used the pawn board in different ways and made
connections among the different configurations that were the spacial
representations of the product. They were using the pawn board more
at ease for counting by going back to "place value" and creating new
geometrical shapes as new representations of numbers. The students
who were found to be non-conservers had more difficulties in the use
of the pawn board and the connection between the changes in
geometrical shapes.

The Strategies of Using the Pawn Board

Among the assorted ways that students had developed for
finding the answers, either finding the PRODUCT or looking for the
FACTOR, was the use of the pawn board. Different ways of using the
pawn board were observed.

1. When looking for the PRODUCT: after rolling the dice - while
playing by CHANCE- students would either:

(a) count on the pawn board the numbers that were to be
multiplied by each other while at the same time mark them with
pawns and then construct the rectangle that each two numbers
create and start counting the total value by ones.
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L.: 6x8, we haven't learned 6x8 yet...
L. leans forward , covers her face with her hands, trying to
figure out the answer. Not being able to figure out the
answer she turns to the pawn board. After having most
of the rectangle covered by pawns, she suddenly starts
to take them off the pawn board...and says: Oh, I have a
better idea, I don't have to put all the pawns in the
middle, I just need them around, here and here, and I
can count the middle...
R.: I can show you an easier way!
L.

has on her pawn board the perimeter of the rectangle
6x8 and she tries counting the spaces (holes of the
pawns) and she also includes the pawns. She makes a
mistake and starts counting all over again...

(b) there were students who, after having set up the rectangle,
started to move the pawns and rearrange them in different
orders: in rows of tens-using the PLACE VALUE system of
counting- and after looking at the result they got, they could see
the rows and tell right away what the answer was.

Robin stands up and asks: want to see? [she finished
arranging a rectangle of 6x81.
Abby looks at Robin's pawn board.
R.: you take the pawns from over on this side and you keep
moving them till you get them to 10s, and you have 10
in

each

row...[she

is

moving

the

pawns

while

explaining,! and now I can see 48, 4 rows of 10: 10,
20, 30, 40 and 1..2..3..4..5..6..7..8..48
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Molly stands up and rolls the dice 7x6, repeats several
times: 7x6, 7x6, 7x6,.Oh gosh I'll have to use the pawns!
(I hear a sound of dissatisfaction] She starts pulling pawns
from the box without counting, and arranges them into a
shape of a rectangle 6x7.

She checks again if the

rectangle has 6 rows of 7 and right away starts moving the
pawns to fill the rows of 10's. By the time she got 4 rows of
10 and 1 row of 2 she says with a big smile on her face: 42
is the answer!

Eric rolls: 6x8, and turns to the pawn board and starts
arranging a rectangle of 6 by 8. After having the rectangle
he started to move the pawns into rows of 10's. He finds
out that he got 4 rows of 10 and a row of 8. After counting
the 4 rows of 10, by tens: 10, 20, 30, 40, he counts the
last row by ones and adds it to the 40, and then he says 48.

.

2

When looking for the FACTORS - playing by CHOICE - students

either:
(a) counted the number they were looking for, one by one, while
taking out the pawns from the box and then, by trial and error,
tried to find the answer after arranging a "perfect" rectangle on
the pawn board,

E.: 64, the factors of 64 are 5 times..., no, I can’t do it by
5'sL He turns to the box with the pawns and starts
counting the pawns one by one, at the same time he
starts placing them on the pawn board. He fills rows of
tens and stops pulling out pawns from the box after
having 64 pawns on the board. Now that he has 6 rows
of 10 and 1 row of 4 he starts patiently to move pawns.
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trying to create a rectangle in order to find out the
factors of 64. Eric stopped after having a rectangle of
8x8 and says: 8x8 are the factors of 64.

(b) arranged rows of tens with the last row used for the
remaining number, and then systematically moved the pawns until
they got a "perfect" rectangle.

J. rolls the dice 6x6. He lowers his head to the table, waits
for a few seconds and than turns to the pawns . He starts
arranging a block of 6x6. At the same time that Joel was
working on 6x6, Eric announces that he would like to
cover 18. He starts arranging a row of 10 and a row of 8
and right away starts moving the pawns from the 10's row
down to the 6's row till he gets 2 rows of 9. After Joel had
a block of 6x6, he started to arrange them in rows of 10 s.
He finds out that he got 3 rows of 10 and a row of 6 and
then he says 36.

When speaking with the students at different occasions, I had
the chance to learn from them how they felt about the pawn board.

Me : What did you think of the pawn board when you
learned MULTIPLICATION TABLES in the class?
J.

: It helped a lot!

Mo.: It helped a lot , we could do 2x3 and than see that it
gives 6. [Jenna was listening to Molly's explanations
and did not interferel
J.

: I remember at the beginning, when we could only use
the U.C. and it was really confusing because of having
different colors, but also when we took cubes from the
same color it was not as clear as with the pawns and
the new boards.
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Me : Is there anything you don't like about the pawn
board?
Mo.: Sometimes, when you want to play fast, and you don’t
know the answer, it takes you some time to do it on
the pawn board but I like to count large numbers,
because it’s fun to move the pawns to rows of 10 s and
then count them.
J.

: I like to use the pawn board with large numbers, as
Mo. said, it’s fun to arrange them in rows of 10’s, it’s
easy to count this way. When we learned Area and
Perimeter it was helpful to understand by using the
pawn board (Jenna and Molly)

Not only did game participants cause events but they also knew
immediately what they had done. Feedback was not only prompt but
also natural. Success or failure was immediately apparent to the player;
good

strategy worked.

Actions

and

decisions were judged

or

reinforced along the same lines on which they were made. The
students were not asked to accept on blind faith what the teacher
thought was best for him or her; he/she did not have to wait for tests
to be graded or for the teacher to approve or correct a verbal
response. The immediate feedback given to the students by what they
had completed encouraged them to keep trying to develop different
techniques for finding the answers.
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Use of Language

Language and its role in students' understanding, while they did
mathematics, required extra attention when it was used for describing
the observed behaviors of the participants. Students may lack the
appropriate

vocabulary

and

syntax

to

express

themselves

mathematically; but, yet, they are still able to acquire and demonstrate
sophisticated knowledge of mathematics. In some circumstances,
students' understanding of the language used to communicate
mathematics may be incomplete or incorrect (as the data would
show); these misunderstandings created subtle barriers to success in
the mathematics classroom. The teacher's knowledge of her students'
cultural backgrounds and the implications of this knowledge for her
teaching were crucial in the process of recognizing the impact of the
language on learning. Beyond this, the teacher felt that she had a
responsibility to help students grow and develop using the correct and
appropriate mathematical language;

In mathematics, the reflective process, where a
construct becomes the object of scrutiny itself, is essential.
This is not because, as so many people claim, mathematics
is removed from everyday experience.

It is because

mathematics is not built from sensory data but from human
activity (mathematics is a language of human action):
counting, folding, ordering, comparing, etc. As a result, to
create such a language we must reflect on that activity,
learning to carry it out in our imaginations and to name
and represent it in symbols and images. (Lydia)
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The discourse of a classroom-the ways of representing, thinking,
talking, and agreeing- has been observed as central to what students
learn about mathematics as a domain of human inquiry with
characteristic ways of knowing. As elaborated by Lydia in one of the
interviews:

Discourse is both the way ideas are exchanged and
what the ideas entail: who talks? about what? in what
ways? what do people write, what do they record and why?
what questions are important? how do ideas change?
whose ideas and ways of thinking are valued? who
determines when to end a discussion? The discourse is
shaped by fhe tasks in which students engage and the
nature of the learning environment; it also influences
them. (Lydia)

After presenting some of the data to Lydia and asking her
whether or not these findings on social discourse were significant for
her, she commented:

In order for students to develop the ability to
formulate problems, to explore, conjecture, and reason
logically, to evaluate whether something makes sense,
classroom discourse must be founded on mathematical
evidence. When students make public conjectures and
reason

with

knowledge

others

are

about

developed

mathematics,
collaboratively,

ideas

and

revealing

mathematics as constructed by human beings within an
intellectual community.

Students learn to use, in a

meaningful context, the tools of mathematical discoursespecial terms, diagrams, graphs, sketches, analogies, and
physical models, as well as symbols.
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The nature of classroom discourse was a major influence on what
students learned about mathematics. Students engaged in making
conjectures, proposing approaches and solutions to problems, and
arguing about the validity of specific claims. They learned to verify,
revise,and discard claims on the basis of mathematical evidence and to
use a variety of mathematical tools. Whether working in small or large
groups, they were the audience for one another's comments-that is,
they spoke to one another, aiming to convince or to question their
peers.

Above

all,

the

discourse

focused

on

making

sense

of

mathematical ideas and on using mathematical ideas sensibly in
setting up and solving problems.

The major themes found in categorizing the data have shown
evidence that students moved from phase to phase as shown below but
not necessarily in the same order as classified below.

A. Playing by CHANCE—looking for the PRODUCT
1. 2 and 4 is 8
2. 2 rows/groups of 4 is/gives 8
3. 2x4 is/equals 8
B. playing by CHOICE—looking for the FACTORS
1. what makes 10?
2. what and what gives /equals 10?
3. what times what is 10?
4. what are the factors of 10?
i
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Students

with

more

confidence

and

more

proficiency in

multiplication "dared" to use the new terms right from the beginning,
as if that was their natural language. They were perceived by their
peers with affection as if it was "legit" to start using the new language
"as the teacher does". Students who felt less proficient with the tables
also felt less confident in using the new vocabulary, but they expressed
themselves very clearly to their friends. When a less proficient student
played with a more proficient student I observed that the changes in
using the new vocabulary were more rapid.

J. : So I choose 12, the factors of 12 are 4x2, no, 4x3.
E.: 10 and 2
J. : That's addition, we have to look for factors when we
multiply.
E.: Oh yeah, 5x2
J. : That's 10
E.: 10..mmmm... 6x2
J. : That's correct!!!
Eric looks at us, he picks up a deck of cards and he is tells
us that he will be looking for cards with either: 3x4,
4x3, 6x2, 2x6...he finds the card , presents it to Joel,
looks at me and smiles shortly after he covers the 12’s.

E.: 2 and 2, Oh my God! I have two 4's. [very happy]

Joel had to go to his private music lesson and, therefore, had to
leave earlier than was expected by Eric. Since Eric had this time for
himself, he asked me if he could bring another friend. He came back
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after a few seconds with Sokha. Sokha is from Cambodia, and English
is his second language. He gets special tutoring in English. His math
skills are very low, and he is not proficient in multiplication. Sokha is
one of Eric's good friends and he looks up to Eric. Eric, who had
played for the last hour with Joel who is very proficient in math, now
felt like the leader, and there were noticeable changes in his tone of
voice: he sounded very confident and sure of himself and took on the
responsibility of helping Sokha. He started by explaining to Sokha how
to play the game and by explaining the relationship between the
stickers on the back and the colors of the dice. He explained to Eric
how to play by CHANCE and how to play by CHOICE. Sokha said he
understood everything that was explained to him and was anxious to
start playing. His language was basic, and it was obvious that he used
the phrases heard by Lydia in the math lesson:

A2.& A3
E. : 4 rows of 2 is 8 [a lot of confidence in his voice!]
So.: 5 and 5...
E. : 5x5 equals .. [and he starts using his fingers for
counting, note that he uses the right language by saying
"times", without making any comment to Sokha]

5, 10,

15, 20, 25. It's 25.

The changes in Eric's language were instant. He not only started
to use terms he had not used before, when playing with Joel, but also
paid attention to what Sokha was saying and corrected Sokha's
mistakes. The day after, Eric and Joel were playing again in the Math
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Center. Eric continued to use more sophisticated vocabulary as he
played, and this time he was anxious to play by CHOICE so he could
look for the FACTORS.

Bl.
E.: I go first, I want to cover the 100s. What makes 100?
50x2? 4x...?

10x5...

J.: 10x5 is only 50, you can go by 10s if you just keep
counting 10x6, 10x7, 10x8, 10x9, ...
E.: 10x10...
J.: yes
E.:10xl0 is a 100
[it was very .interesting to observe the two boys. Joel was
very protective of Eric trying to help him out, trying to
avoid Eric's embarrassment of not knowing :"what makes a
100"].

After gaining some experience with the BINGO games and the
various ways of playing the game, students felt more comfortable trying
to play by CHOICE. Choosing to play with CHOICE MOVES was an
indication that they started to retain the concept of multiplication:
they were more comfortable using the Pawn Boards. As an outcome of
that, there was evidence of changes that occurred in their language,
such as the use of new vocabulary.

B3. & A2.
J.: I go for 10. The factors of 10 are 2x5.
E.: and 5x2.
J.: yes,
E.: I want to cover 90.What times what is 90?
J.: That's easy, Eric, you can do it!
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E.: Oh, yeah it's 10 groups of 9.
J.: I am covering 40, 4x10.
E.: I am covering 50, 5x10. He picks up a deck to find the
card although they have been playing for a while without
presenting cards to each other...and only after finding
the card and presenting the card to E. he covers the
50's.

The changes and the progress in the use of the language were
very rapid; and, in most cases, when I pointed out the changes in
vocabulary to the students, they were surprised that I noticed those
changes:

Mo.:

I want 48 but I don't know how to find the
factors..[Mo. started to use different language since the
beginning of this game!!!).

J.

: What are the factors for 40? you just had it before...

Mo.: 10x4
J.

: What are the factors for 50?

Mo.: 10x5
J.

: You are between 40 and 50...[Mo. concentrates and it
looks to me as if she has no idea how to find the
answer].

J.

: 24 is half of 48, you know the factors for 24...

[Molly becomes more confused and has no clue how to
resolve it.[
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Retaining and Retrieving

The progress presented by all students was measured by the
teacher in math lessons and was evaluated in different ways. For me,
the changes and growth, the progress and recall of the students'
knowledge were demonstrated by the students while playing the
games in the afternoon. I observed that they remembered and reused
their experiences from previous days. They reminded each other of
products and factors that were found the day before or a few days
earlier, while playing one of the games.

E. : I choose 15, it's 5x3. 5x3 is 15.
Me: How do you know?
E.

: Because I had it before when we played the other
game and I remember, and I can show you.[and he
raises his right hand and counts by 5's] : 5,10,15 [Joel
smiles at me, as if we share a secret, he is surprised
like me that Eric remembered what he did in the
other game. He smiles at Eric]

J. : GREAT! I remember when you had it.

The students' ability to recall what they had done earlier was
evident when they proudly announced that they had this problem
earlier and that they knew what the answer was.
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E.: 3x3. I just had it when I played with Joel. He smiles,
it's 9 and covers the 9's.
J.: 8x4 is 32.
E.: Do you know why you have the answer for it? because
you had it yesterday...

In many cases the students seemed to be amused when they
found out that they had already dealt with this problem earlier.

M. : 6x7
Mo.: I had that one, dudidudidu...
M. uncovers one of Mo.'s numbers on the bingo board and
finds the 42 that they both covered before. : it's 42... [M.
is happy].
Mo.: yes it is, I told you I had it before..
Mo.: 8x7, turns to the pawn board and while she starts
putting the pawns she says: that's the first number we
did today...
M. : 56...
Mo.: [claps her hands and says:] yes 56!

The recognition of the importance of their recall encouraged the
students to challenge themselves and to try and play each time with a
game at a higher level of difficulty. As a result, they retained and
possessed more tables: and all previous knowledge was reinforced.

Problem solving, reasoning, and communication were processes
that pervaded all mathematics instruction and were included in the
learning center. Students were engaged in
mathematical tasks and discourse that required problem solving,
i

reasoning, and communication.
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All the different games offered tasks that required students to
communicate about mathematics-in pairs as well as in the whole
group-and that led to the development of a variety of tools or
techniques.

While

playing with

some

of the games

particular

techniques were suggested by the students in order to stimulate their
friends to make choices about what might help them work on the
problem.

The students used a variety of tools to reason together about
mathematics. They did not rely on the teacher to initiate all ideas or to
certify

results.

They

communicated

with

one

another

about

mathematics without the teacher asking them questions or directing
their comments. They also used mathematical language that they had
developed through the discourse while playing with the games in the
learning center.

s
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CHAPTER 5

CONCLUSION, DISCUSSION AND

itT>i

PLICATIONS

Overview

The purpose of my study was to explore and investigate how
children respond to the use of a new learning center, which was
focused on the concept of multiplication and on the use of specifically
designed learning games. Through my in-depth study, I intended to
find out:

1. What happened to students when they played; how students
behaved when they were in a situation in which they were not sure
of the outcome, and how they became involved in the game.
2. How could an educational game, as part of a learning center, be
utilized in the classroom. Mainly, I wanted to emphasize or focus on

the unique part that educational games play in the curriculum.

I was not sure of what my findings in this study would be. My
assumptions were that the whole learning center would be accepted
well by the students, and I hoped that they would have a lot of fun
playing with these games. The results showed that there were
interesting implications for the relationships developed among the
students while they played with the games.
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The results of my study confirmed that two kinds of
construction of knowledge developed in the process of playing with
the games in the math center. The two were as follows: a. construction
of personal knowledge, and b. construction of social knowledge. To
differentiate one from the other was difficult, yet much easier to show
how they were intertwined and how they had developed parallel to
each other. The importance of these findings raised some questions
that helped me to organize this chapter in a very specific way. I also
realized that besides the personal and social aspects of the study,
there was a very interesting overlap between these two aspects of the
construction of knowledge and throughout many phases, on which I
will elaborate later. I intended to organize and present my thoughts in
a way that will demonstrate the aspects of the personal and social
constructions of knowledge and the overlap between the two.

For Dewey, there were two connections between society and
education. Foremost, Dewey thought the school should be a microcosm
of society, and as such, the educational process should be democratic.
Additionally, education in a democracy had to prepare students to
make informed rational decisions and solve problems, so that when
the students mature they could help society adjust to new situations,
rather than to adjust the new situations to fit society as it was
(Woolever & Scott, 1987).

In this study, I observed the students create their community,
their society, and the rules that they were to follow in the learning
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center. They made the decisions regarding how to play the games, but
implicitly prior to this, they had already developed the means for
making decisions. This process of decision making proved to be an
influential factor in the students' motivation toward achievements in
the games and, ultimately, in mathematics.

In earlier times, education was primarily a means for survival.
Children were taught the necessary skills for living. Gradually,
however, people came to see a broader reason for education. Today,
education may be used not only for purposes of survival but also for
attaining skills for better use of leisure time and refinement of social
and cultural life. As the theory of education has developed, so have
practices of education. To overlook the connection between theory
and practice and, therefore, to deal with the two seperately, has
become easy for educators.

Dewey saw the classroom as a microcosm of a democratic
society. He suggested that the teacher should model democratic ideals
and that students would learn by experience, including cooperative
activities, and attain the skills and attitudes necessary to maintain a
democratic way of life (Dewey, 1933; Lynd, 1953). The teacher's job
was to guide the students and to ensure that there was class
interaction and intercommunication. According to Kolb (1984)

...all learning is experiential... But some learning (in
an educational sense) is more experiential then others.
(Kolb, 1984).
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I see learning as an interaction of an individual with an
experience in an environment. During this interaction, an individual
creates knowledge by transforming the experience into concepts.
Because most interactions modify concepts, there is a continuous
creation of knowledge. Kolb (1984) maintains that learners will not
learn if they are not open to experience. Nor will learning occur if the
experience directly contradicts the belief systems of the learners.

The Environment

As mentioned in Chapter 4, the learning environment was a key
element in fostering the goals for the class' mathematics. The nature

of a learning environment was shaped by different kinds of exposure to
mathematical tasks and discourse in which the students engaged, and
also by the assorted stimulations that were provided to the students.
The results of my study supported the key dimensions of a learning
environment

(NCTM

STANDARDS,

1991)

in

which

serious

mathematical thinking could take place: there was a genuine respect
for others' ideas; there was a valuing of reason and sense-making,
pacing and timing that allowed students to puzzle and think; and there
was the forging of a social and intellectual community. I believe that
this learning environment helped students believe in themselves as
successful mathematical thinkers and contributed to their self esteem.

Based upon the findings of my study, I strongly believe that to
implement new ideas and to modify the old ones that the students are
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already familiar with by having students confront their existing beliefs,
is up to the teacher. This is accomplished as the teacher guides the
students into bringing forth their beliefs, testing them, and then
integrating new ideas with old ones.

I found that children created a variety of concepts about
mathematics as they were playing with the games. Some of these
concepts were confused or incomplete; others were remarkably
effective. I am aware that teachers need opportunities to examine
children's thinking about mathematics so that they would be able to
select or create tasks That could help children build more useful
mathematical conceptions. This may be a problem because time
constraints may limit the teachers' opportunities. Developing multiple
perspectives on students as learners of mathematics may enable
teachers to build environments in which students would learn
mathematics with appropriate support and acceptance. This is also
true for every other subject taught in school.

In establishing such an environment, the teacher must be
sensitive

to

the

students'

ideas

and

encourage

students

to

communicate. Games seem to be effective in creating such an
environment since they provide a tool for making mathematical
explorations more efficient and accessible. The experiences that
students acquire as decision making individuals may be carried with
them for the rest of their schooling and life experiences.
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Creating an Atmosphere for Learning

A pleasant atmosphere was detected within the group when
students played. While working and playing in the center, students
assumed responsibility for their own learning. They created for
themselves, each time, a microcosm of a world in which rules were
formed and followed, decisions were made and were carried out.

Teaching mathematics from a problem-solving perspective
entailed more than solving non-routine but often isolated problems or
typical textbook types of problems. It involved the notion that the very
essence of studying mathematics was itself an exercise in exploring,
conjecturing, examining, and testing all aspects of problem solving.
The tasks that were created and presented extended the students'
knowledge of mathematics and problem solving. Students were given
opportunities to formulate problems from given situations, and they
created new problems by modifying the conditions of a given problem.
Students were expected to raise questions and challenge ideas
generated by other students as well as by the teacher. Above all, the
students

had

ample

time

to

be

active

participants

in

doing

mathematics as well as in socializing. It was evident that the use of
games was beneficial for all students in terms of their construction of
personal and social knowledge.

I observed the effect that the learning environment and the
atmosphere created by the teacher had on the students' involvement
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and interest. Understanding as much as possible about the effects of
the mathematics classroom environment on each student is essential
to good teaching. I strongly support the notion that teachers monitor
classroom life using a variety of strategies, and they should focus on a
broad array of dimensions of mathematical competence.

Students'

dispositions

toward

mathematics

were

also

fundamentally influenced by the experiences they had with the
mathematical activities. I believe that if students are to develop the
inclination to do mathematics, that it is essential that the teacher
communicate a love of mathematics and a spirit of doing mathematics
that captures the notion that mathematics is an invention of the
human mind. Sometimes this entails an exploration of a student's
query or a consideration of multiple ways of solving a problem.
Certainly, it involves a sense of communication by mathematical ideas.
There is little value in telling students how exciting mathematics is if
they are not actively engaged in doing mathematics themselves.

Teachers' skills in developing and integrating the tasks and
discourse in ways that promote students' learning depend on the
construction and maintenance of the learning environments and on
the creation of the atmosphere that supports and develops from these
manners of thinking and activities. What teachers learn from observing
their students should be their primary source of information for
planning and improving instruction for both short and long term. A
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central question to which teachers must respond is, "Do the tasks,
discourse, and environment work to foster the development of the
students' mathematical literacy and power?"

Particular Aspects of the Social Construction of Knowledge

According to Dewey,

active learning is education

in the

democratic participatory mode. The ability to analyze and ask
questions are by-products of this learning. The purpose of an active
learning project is

to

perpetuate

and

encourage

participatory

democracy by operating the school in this fashion (Powell, 1989).
Dewey believed that learning takes place in activity and participation.
Children could truly learn only under the following conditions: (1) if
they were interested in what they were doing, and (2) if they were
participating. One could learn best when actually experiencing the
world as opposed to absorbing passively pre-selected content.
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Cooperative Learning

Elementary school students are social beings who love to talk
with their peers, and they have more energy that can be expended
while sitting in class. All the games in the learning center called for
interaction

among

players,

permitting

or

requesting

physical

movement around a gameboard or classroom. The chance to expend
energy and the ability to communicate were made integral parts of the
learning experience. These games were redirected to educational
ends.

The progress accomplished by all of the students was measured
by the teacher in math lessons and was evaluated in different ways. For
me, the changes and growth, the progress and recall of the students'
knowledge were demonstrated by the students while playing with the
games. I observed that they remembered and reused their experiences
from previous days. While playing with the games, they reminded each
other of the products and factors that were found the previous day or a
few days earlier. Students took part in cooperative learning without
being organized in teams for this specific purpose. The process took
place as an outcome of the relationships among students and their
involvement in the task.

The students' ability to recall what they had done earlier and to
access the new knowledge and use it was evident when they proudly
announced that they had done this problem earlier and that they knew
what the answer was. The recognition of the importance of their recall
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encouraged the students to challenge themselves and to try to play
subsequent games at a higher level of difficulty. As a result they
retained and accessed more knowledge of multiplication tables, and all
previous knowledge was reinforced.

Students' active participation in discovering knowledge led to a
deep understanding and retention, great expenditure of intellectual
and emotional effort, and the placing of a higher value on what was
learned. The emphasis on conceptual structure was observed as
making subject matter comprehensible, minimizing loss of memory,
making transfer more likely,'and making for students to progress from
basic to advanced knowledge easier. Discovering knowledge on one's
own was fun and promoted positive attitudes toward subject areas,
school, learning, and inquiry.

Emphasizing reasoning and justification implies that students
should be encouraged and expected to question one another's ideas
and to explain and support their own ideas in the face of others'
challenges. Teachers are urged to help students learn how to
accomplish this: students need to learn how to question others'
conjectures

or

solutions

with

respect

for

their

thinking

and

knowledge. They also need to learn how to justify their own claims
without becoming hostile or defensive.
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Group Rules—Membership

The process of making decisions took place during two parallel
phases: the personal and the social. The outcome of this development
resulted in the construction of personal knowledge intertwined with
the construction of social knowledge and social fairness. When I
designed the Bingo, with its multiple levels, I was hoping that
students would be able to progress from one level to another as the
level of their proficiency increased. To observe the students make
their own rules for the game and, as part of the rule making process,
choose different boards from different levels of difficulty, was a very
satisfying surprise.

I was surprised to find this kind of maturity in a third grade
class. I should admit that, at first, their maturity raised some questions
for me, it was almost too good to be true. I thought that after a while,
the magic might disappear, and the students would change their
considerate behavior towards each other. I suspected that they might
break some of the rules they had previously formed. To watch these
little "societies" form, to witness their rule-making process as well as
to see them stick by their rules, was a very interesting experience.

When I designed the first game, I followed the steps that I
believed, at that time, every designer follows. I had a set of learning
objectives for the game and decided upon ways of achieving these
objectives. I created the instructions that would be given to the players
and set the rules by which the students were to play. When the
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students asked me at the beginning to be their judge of what was fair
or not when they had to solve a dispute, was not surprising. I learned
very quickly that there were some other ways to play the game - ways
that I had never even considered. I realized that leaving some room for
the students input might create an environment in which they would
be involved in the decision making process, and in the process of
creating new rules.

The rules that the students constructed for the games varied
from one group to another. In each group, the rules were flexible, to
fit circumstances. Whatever the students felt to be fair for all
participants became a rule for playing. Later on, the newer games were
designed in a way that provided the players with multi-levels and also
with CHOICE and CHANCE moves in order to allow them enough
flexibility to choose for themselves conditions and terms that would fit
everyone's needs and abilities. The fact that the students were not tied
in any game to a specific set of rules stimulated them to explore a
variety of ways to play the games.

The roles of leadership and membership in each group changed
each time the students played. To mention that students exchanged
roles is significant. Students more proficient with the multiplication
tables were not necessarily the ones who set the tone for making the
rules. The dynamics in the groups were carried into the social life of
the class and had further implications on students functioning in other
subjects. This was mentioned by Lydia as one of the most significant
outcomes of this study for her.
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Making the Rules for the Game

Children respect the rules they make for themselves.
They also work hard to achieve the goals they set for
themselves (Kamii, 1982).

The games in this study required active participation. Players
manipulated different components, negotiated, and made decisions;
they made things happen. The students were the cause of events. They
knew immediately what they had accomplished. Feedback was not only
prompt but also an outcome of their own actions. Success or failure
were immediately apparent to the player; good strategy worked.
Actions and decisions were judged or reinforced along the same lines
on which they were made.

After students made the choice regarding what game to play, the
next stage was to make up the rules of the game and to choose the
level at which to play. Students less proficient with the multiplication
tables chose, at the beginning, a level with low products; while their
opponent, if more proficient, chose a board with higher products. This
did not discourage the less proficient students from playing and still
obtaining a sense of accomplishment. Everyone had the opportunity to
succeed and enjoy.

When deciding upon the rules, students went through this
process calmly and were polite to each other. They made sure after
suggesting a new rule that it was acceptable to all other players. When
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the students could not agree at the beginning upon the rules, they
would start playing and would wait for the right time to bring up the
issue of FAIRNESS. When players started a game without making any
decisions regarding Chance or Choice moves, they found the

need for

these rules came along as the game progressed.

If we want children to develop the morality of
autonomy, we must reduce our adult power by refraining
from using rewards and punishments, and encourage them
to construct for themselves their own moral values. For
example, the child has the possibility of thinking about the
importance of honesty only if he is not punished for telling
lies and is, instead, confronted with the fact that other
people cannot believe or trust him (Kamii, 1982).

The essence of autonomy is that children learn how to make
decisions for themselves. Autonomy is not the same thing as
unrestricted freedom. Autonomy means taking relevant factors into
account when deciding what the best course of action might be for all
concerned. There can be no morality when one considers only one's
own point of view. If one takes other people's points of view into
account,

one

is

not free

to

tell lies,

break promises,

or be

inconsiderate. Students should be encouraged to practice types of
autonomy more often in school.

The aim of education should be the development of morally and
intellectually autonomous individuals. Educators should provide
children with the opportunity to consider other people's points of
view and motivate

children

to

construct rules
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of conduct by

coordinating viewpoints with others. As Piaget maintained, when
adults use reward and punishment, they reinforce children's natural
heteronomy;

alternately,

adults

stimulate

the

development

of

autonomy when they exchange points of view with children. As Piaget
additionally pointed out, "... children acquire moral values in the same
way they acquire knowledge—by constructing beliefs internally through
interaction with the environment" (Piaget, 1929).

Providing Help

To develop and nurture the students' abilities to learn with and
from other students, to clarify definitions and terms to one another, to
consider one another's ideas and solutions, and to argue together
about the validity of alternative approaches and answers was a key
function of the teacher. Classroom structures to encourage and
support this collaboration were varied: students may have worked
independently at times, conferring with others as necessary; at other
times students might have worked in pairs or in small groups. No
single arrangement worked at all times; the teacher used these
arrangements

flexibly to

pursue

her

goals.

Whether working

individually or in small or large groups, students encountered,
developed, and used mathematical ideas and skills in the context, of
genuine problems and situations. In so doing, they developed the
ability to use each other as a resource and rely on each other s
understanding and knowledge.
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The element of competition was reduced to a minimum when
two players were helping each other while playing. Students would
decide in advance if they were going to play a friendly or a competitive
game. The final decision about what type of game they were going to
play, was never said in so many words; usually this decision was part of
the process of making up the rules of the game. The most important
thing that should be mentioned is the fact that the students were
helping each other find the answers. This was an indication that they
were not playing a competitive game and cared less about who won.

The assistance students provided to each other took shape in
more ways than one and was given for the purpose of overcoming
difficulty/obstacles and for enriching the learner's knowledge, of
methods available for use when solving mathematical problems:

1. Reinforcing something that was partially understood.
2. Providing new insight about something unknown.
3. Teaching how to use the pawn board for finding a product of large
numbers - by counting 10s and using PLACE VALUE.
4. Teaching a shortcut for getting an answer.

Reinforcing each other turned out to be an integral part of the
game. Not only was the element of competition not important but
students were giving feedback to each other, encouraging and
exposing each other to what they themselves knew. The patience
endured by all participants and their willingness to share their
knowledge were most important and pleasant things to observe.
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Students' tolerance towards each other was demonstrated not
only by their sitting quietly while their opponents were looking for the
answer but specifically by going one step forward and showing them
how to find the answer or pointing out a mistake or making up a
suggestion for finding the answer.

While playing the game, students constructively evaluated their
own actions and those of other players continuously. Success came in
the appearance of good tactics and strategy. A player quickly
discovered whether the tactics being used were effective. If they were
not, re-evaluation often took place; and ways were found to improve
upon the strategy. Thus, the student gained a wealth of new
information. The immediate feedback given to the students by what
they had completed encouraged them to keep trying and to develop
different techniques for finding solutions (either products or factors).

Group Knowledge—Shared Knowledge

Through participation in the inquiry process, students became
more active and aggressive in their learning, and provided their own
direction for the construction of coding systems. Students doing this
began to regard other students and the rest of the environment as
potential sources of information that could be utilized for inquiry
activities. Students helped each other and provided explanations to
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their opponents when they felt that they themselves knew more. The
knowledge gained by the students was stored, memorized and reused
to suit everyone's needs, resembling the purpose of a bank.

Problem

solving,

reasoning,

and

communication were

all

processes that pervaded mathematics instruction and were, therefore,
included in the learning center. Students were engaged in all of these.
All the different games offered tasks that required students to
communicate about mathematics, in pairs as well as in whole groups;
and that led to the development of a variety of tools and techniques.
While playing with the games, specific techniques were suggested by
the students in order to stimulate their friends to make choices that
might help them work on the problems.

The students used a variety of techniques to reason together
about mathematics. They did not rely on the teacher to initiate all
ideas or to certify results. Achieving insights in subject areas and in
the intuitive understanding achieved by discovery methods was so
intellectually and emotionally stimulating, that students approached
difficult subject matter and time-consuming problems with selfconfidence, interest, and enthusiasm. This was demonstrated when
the students learned Division and applied previous knowledge to the
new concept. They could implement what they knew in multiplication
to a greater understanding in Division. Students made connections and
transfers between PRODUCTS and FACTORS in multiplication and
DIVIDENDS and the DIVISORS in division. Just as the students had
used their knowledge (and the pawns as factors)
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to construct

rectangles

that

represented

products,

they

used

those

same

rectangles and applied that same knowledge, in this case for division,
and used a method of distribution to represent and demonstrate the
divdends and divisors. For example, when the students had to divide
35 by 7, they took 35 pawns from the box, arranged seven pawns in
one row, and then distributed the rest of the pawns evenly among the
initial seven. This action clearly demonstrated the relationship
between the dividend (35) and the divisor (7),

as well as the

relationship between factors (5 and 7) and products (35), and their
connection to each other by manner of the construction of rectangles
and process of distribution, occuring simultaneously.

The nature of the discourse among the students who were
playing with the games indicated the major influence on what students
learned about mathematics. Students engaged in making conjectures,
proposing approaches and solutions to problems, and arguing about
the validity of specific claims. They learned to verify, revise, and
discard claims on the basis of mathematical evidence and to use a
variety of mathematical tools. Whether working in small or large
groups, they were the audience for one another's comments (i.e., they
spoke to one another, aiming to convince or to question their peers).
Above all, the discourse focused on making sense of mathematical
ideas and on using mathematical ideas sensibly in setting up and
solving problems.

A strong partnership among students was evident from the start
and became stronger over time. There was a process of diffusion of
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knowledge among the students. One of the students "discovered" the
relationship between the multiplication of the 2's and the 4's, and
later on between the 4's and the 8's. He called it ’’DOUBLE

THE

DOUBLES”. This "discovery," in actuality, expressed the concept of
multiples; the student called it "Double the Doubles."

This is a graphical illustration of the concept of "Doubling the
Doubles."
2x2 = 4

Two rows of two in each row, create a block of four.

2x4 = 8

When multiplying 2 x 4, it can be expressed as 2 (2 x 2),
as if doubling the outcome of 2 x 2.

Figure 7: “Double the doubles”
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This was how this idea started and was later used by other
students,

only after they understood the relationship and the

connection. Mathematically this idea was an excellent example of
personal construction of knowledge. The expression "Double your
Doubles" began to circulate among the students in the class, and the
teacher began to use this vocabulary. Subsequently, the students
started to make other connections among the first ten numbers and
began with the 3's, 6's, and the 9's. They saw the relationship between
the 5's and the 10's, and they found the 7 to be the "only number
without any cousins." I see the process of diffusion of knowledge most
important when I look at the inter-group relations that have developed
in the class as an outcome of playing with the games. Looking at the
profound influence students had on each other raises questions
regarding the ways teachers try to arouse and sustain motivation.

If educators know the impact that diffusion of knowledge has on
learning, what can we do in order to find more ways to create positive
learning environments for our students? In this case, the students
taught themselves and each other in a method that made sense to
them. The

students'

construction of knowledge through active

learning and shared knowledge had an effective result on their
ultimate retainment of knowledge.
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Competition vs Cooperation

I find that I am in agreement with many critics of games
[particularly Nesbitt (1971), Boocock (1966), and Coleman (1966)]
who decry the element of competition. Specifically, competitiveness
can be destructive. In fact, school situations are often inherently
competitive and it cannot be denied. Students compete for grades,
attention, parts in plays, positions on teams, and so on. There are
always winners and losers, although the labels may not be verbalized.
Many games are competitive to some extent, and so are many people.
Educational games constructively channel this inclination to compete.
Cooperation may be a strong element in the very same games that are
competitive.

When students decided to play a competitive binao game, their
choice of the level to play, in most cases, was one in which they felt
highly proficient. They would play either a whole game with CHANCE
moves or a whole game with CHOICE moves, usually with low products
and low factors, to eliminate the need for the use of the pawn board.
Students liked quick tournaments in which they made bets on who
would win, and what surprised me was that the students voiced the
fact that they enjoyed these tournaments but they preferred to play
the "slower games" when they could choose boards from higher levels.

This information, shared with me by the students, surprised me
and the teacher, too. I had thought that the element of competition

203

would be the motivator of the games, the force that would motivate the
students to internalize new information. My satisfaction was immense
when I learned that cooperation was a stronger motivator and a more
fulfilling one to these students. Students empowered each other by
sharing and cooperating. Williams stated:

Whether we
concepts,

are

reinforce

using games to promote

old

ones,

motivate

new

retention

of

number facts, assess already formed ideas, or just to
provide children with healthy competition, the practical
teacher will make sure that above all else, games are fun.
Fun and challenge that is within the reach of the child
(Williams, 1986):

If teachers look at the way in which play is structured, in order
to instruct our children, however subtly, in the values of our culture,
we can take competition and competitiveness as an exemplary case.
We often encourage competition in play; and we do, indeed, use play
to instruct our children how to compete well and at a very early age.

Enhanced cooperation, interaction, and communication between
students are further articulated benefits of games. They provide the
students with the opportunity to learn about group processes and
leadership, to see themselves as part of the group, and to see how the
games for teaching and learning essentially involve versions of
exchange theory. Nesbitt claimed that "... games can teach much about
how individuals relate to others within a group, provide players with
the

specific

skills

of

decision

making,

problem

communication, and critical thinking" (Nesbitt, 1971).
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solving,

Particular Aspects of the Personal Construction of Knowledge

Constructivists believe that the child is an active construing
creature inherently predisposed to thinking activities. The child, by
nature, is able to assimilate knowledge from experience and to
organize this knowledge through a variety of mental operations. The
aspects of experience the child will attend to and the ways he or she
will

organize

them

will

be

limited,

however,

by

the

child’s

development level. Each child builds her/his own knowledge from the
inside, through her/his own mental activity, in interaction with the
environment (Kamii, 1985).

The students were naturally drawn to these manipulatives.
therefore, they participated in hands-on work in sorting, classifying
and recognizing relationships. The manipulatives were useful for
counting, ordering, and creating multiple configurations of products.
Exploring number concepts on these boards gave students experience
with numbers up to 100. Children gained hands-on experience in
place value using the pawns and the pawn boards. These boards gave
students concrete models with which to explore the concept of place
value and its operation on whole numbers.

The games provided the students with intrinsic satisfaction,
independent of extrinsic rewards, and, thereby, increased the
students' efforts to learn on their own. The fun and pleasure while
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playing with the games were evident when students were observed
playing with the games outside of the classroom during recess and
indoors on rainy days. One of the students said:

I can't wait to know more of the tables, because than
I will be able to play without using the Pawn Boards, and I
will be able to participate more in math lessons. (Tim)

The constructivist's fundamental assumption about the child is
that knowledge is ever changing. The child's mind naturally and
actively perceives and constructs relationships about surrounding
objects, events, and people;'in so doing, new knowledge is integrated
with previous experience, forming an ever-increasing knowledge base
(Coppel,

Sigel,

&

Saunders,

1984).

Providing

students

with

opportunities to acquire new experiences at their own pace and
construct their own knowledge strengthened students' confidence
and self-esteem. As a result students felt free to explore new concepts,
to draw conclusions, and to make mistakes. The results of my study
corroborate what Piaget found in his research when he was looking at
the ways students construct their knowledge.

Central to current theories is the view of the learners as active
participants in learning.

Learners construct their own meaning by

associating new information and concepts with what they already
know and by building hierarchies of understanding through the
process of assimilation and accommodation. Mathematics is learned
when learners engage in their own invention of knowledge and impose
their own sense of investigation and structure.

206

Kolb (1984) maintains that in order for learning to occur, the
learner must be willing to interact with the experience. I have realized
in my study that once open to an experience, the learner grasped the
experience in one of two ways: either apprehensively, which referred
to observing the tangible aspects of a situation; or comprehensively
which referred to understanding the concepts associated with the
situation. When the experience was grasped in one of these two ways,
the

learner then

transformed

the

experience

into

knowledge.

Understanding the concept was accomplished by the students in two
ways: actively as the learner manipulated the situation and internally as
the learner reflected upon the situation. The students learned how to
anticipate experiences, plan for them, and practice reactions to such
possible situations. As each new experience had been dealt with, the
students integrated the knowledge created from each new experience
with knowledge gained from previous experiences.

Different Levels of Proficiency

Two factors were particularly important in order for learning to
occur in the math center: 1. The exposure of students at different
levels of proficiency to the kinds of games in which each and every
one could succeed and enjoy him/herself; 2. A flexibility and
consideration of players towards each other; so that when decided
upon, the rules of the game would suit everyone’s needs. The students
voiced their opinions regarding different games with which they were
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familiar, and they complained about the unfairness of some games.
Some of the students brought to my attention that what they liked
most was the fact that the games in the math center were flexible
enough to have the rules changed to suit the participants. The
students who were less proficient with the multiplication tables
appreciated the fact that they could choose a level for playing that was
lower than that of their friends' without feeling inferior or being
intimidated by their opponents.

My assumption, when designing the first game, was that
students from different levels of proficiency would not play together
and that they would prefer to play with someone who would be as
proficient as they were. I was surprised to see that the first couple of
students who decided to play with bingo boards played at different
levels. One of the students suggested to me that I prepare code cards
which would show all the different possible combinations of dice that
could be used for each level. The students would then be able to
compare

the

products

on

their bingo boards with

the

factor

combinations that the code cards indicated for each level and to
choose whether they wanted to play with the bingo board that they
originally chose or whether they wanted to play at a higher or lower
level.

Another request came from the same student, for me to prepare
more bingo boards that would include the products of ll's and 12 s. I
began to realize that "the sky is the limit" for some of the students.
They stimulated me to come up with new ideas for new games to
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make the learning more fun. For the students who were less proficient
in math, being successful while playing with friends who knew more
than they did, was a new, positive experience.

Conservers of Number and Nonconservers

I was surprised to find that the vast majority of the students in
my study were not number conservers contrary to expectations from
my findings in the literature. For the non-conserver students, the
active manipulation of objects was found to be effective in ways known
to them and voiced by them. A form of a rectangle with 24 pawns was
found to be equal in quantity when it was composed of 3 rows of 8 or
when composed of 4 rows of 6. To the students who were found to be
non-conservers, the quantity in those two rectangles was thought to be
different in each case.

The students who were found to be non-conservers had more
difficulties with the use of the Pawn Boards and, at first, did not
perceive these manipulatives in the same way that the other students
who were number-conservers did. As a result, the non-conservers
were faced with different difficulties in the understanding and
retention of the multiplication tables. This last observation raises
questions regarding the use of manipulatives by students at younger
ages. So many times educators offer certain types of stimuli to
students, assuming that they are at certain stage of development, and
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we suggest to them what they should do with these manipulatives and
how they should utilize them for their own benefit and growth.

The Different Strategies Used for Finding the Answer

Different strategies were used by the students for finding the
answers when they played one of the Bingo games. The answers they
were looking for were either PRODUCTS or FACTORS. They looked for
PRODUCTS when playing by CHANCE, after rolling the dice or
spinning the spinners. They looked for FACTORS when playing by
CHOICE, when deciding what the next number to be covered would
be. With progression of time and with more experience, students
gained

more

proficiency and became more confident with the

techniques chosen to find answers. The students were playing at
various levels, experiencing, experimenting, and constructing their
own knowledge. They each went through different levels of knowing
while playing, not necessarily in particular sequence or order, mutual
to all students.

One of the students who was found to be a number conserver
developed a technique for counting large numbers of pawns. He shared
his findings with one of his friends who was found to be a nonconserver. The owner of the idea developed different ways and
strategies to explain his method of calculation to his friend. To look at
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these two students and realize that actually one student had taken the
role of a teacher and the other the role of a student, was found to be
most intriguing.

The student that did the teaching did it intuitively and correctly;
for only minutes before, faced with the same difficulties as the nonconserver student of attempting to solve an unfamiliar problem, he
himself had overcome the necessary traverses needed to solve this
problem. The instructing student found easy to identify with the
learning student's confusion; and, therefore, the teaching that went on
was more effective. The instructor seemed to deliver some new
content in a way that made it possible for his friend to comprehend
and use. The consequences to be drawn from the findings, in which
students taught students, specifically looking at the non-conservers
being taught by number conservers, raise questions about the effect
that learning might have in every classroom if students were provided
with the

opportunity to

exercise

and utilize their power and

knowledge.

The Different Strategies Used With the Pawn Board

In interviews, some of the students voiced the fact that not
wanting to count out loud or not wanting to make any effort in Mental
Math resulted in the use of the pawn board for finding the answer. The
students were constantly encouraged by the teacher to use the pawn
board for creating rectangles. Students felt very comfortable choosing
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bingo boards at different levels, knowing that they could count on the
use of the pawn board to aid them with the calculations. As long as
they had the pawn board next to them, they found it easy to
manipulate and developed different techniques for using it.

Students benefit from instructional materials which provide
immediate

feedback. The pawn board, for some students, was a

reassurance that what they were doing was

correct.

Creating

rectangles on the pawn board and having a visual picture helped the
students understand the connection between the rectangles and the
relationships among them. 'To observe the different ways in which
students used the manipulatives was very interesting. They created a
symbolic representation of geometrical shapes that turned to be a
visual memory of certain structures and rectangles which helped them
to solve problems in a very quick way. I might interject that their
"doubling the doubles" or their making connections between different
structures of rectangles was an indication that they trusted the visual
and turned it into a memory to be used in solving problems. The 3dimensional manipulatives helped students visualize the structures
that they had created by themselves. The visual configuration was
clearer to them, therefore, to make connections between the concrete
and the abstract became easier.

Constructivist theorists like Piaget, Von-Glasersfeld, and Kamii
emphasize the role of the learner as creator of personal meanings.
Children, like adults, learn by constructing a point of reference from
their own past and current experiences to relate to new learning. If
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educators believe

students are always learning, we must also

acknowledge and appease their particular areas of interest and provide
developmental tasks around which self-selected learning focuses. To a
large extent, tasks, needs and interests among children are similar.

Development in the Use of Language,

Language and its role in students' understanding while they did
mathematics required extra attention when it was used for describing
the observed behaviors of the participants. Students may have lacked
the appropriate vocabulary and syntax to express themselves
mathematically, but they were still able to acquire and demonstrate
sophisticated knowledge of mathematics. In some circumstances, the
students' understanding of the language used to communicate
mathematics might have been incomplete or incorrect (as shown in
Chapter 4); these misunderstandings created subtle barriers in mutual
understanding of math concepts.

The discourse among the students (the ways of representing,
thinking, talking, and agreeing) was observed as central to what
students learned about mathematics as a domain of human inquiry.
Their acts were indicators of each student's characteristic way of
knowing.
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Students

with

more

confidence

and

more

proficiency in

multiplication "dared" to use the new terms right from the beginning,
as if the terms were their natural language. The more proficient
students were perceived by their peers with affection as if it was
"legit" to start using the new language "as the teacher did." Students
who felt less proficient with the tables also felt less confident in using
the new vocabulary, but they expressed themselves very clearly to
their friends. When a less proficient student played with a more
proficient student, I observed that the changes in using the new
vocabulary were more rapid. They communicated with one another
about mathematics without the teacher asking questions or directing
comments. They also used mathematical language that they had
developed through the discourse while playing with the games in the
learning center.

The development of language is closely related to all cognitive
growth. Merely by being exposed to it, children spontaneously acquire
the structural aspects of a language (Chomsky, 1965), the elements of
sentences, and the ways in which these elements are combined to
form meaningful phrases and sentences. Language development is one
of the most intriguing aspects of human growth. It is also one of the
most important: verbal communication is basic to all education,
socialization, and learning. One of the school's most important
functions

is

to

enhance

language

development.

This

involves

increasing vocabulary and the ability to use language to communicate,
think, and solve problems.
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Piaget (1984), however, takes the position that it is cognitive
growth that enables the development of language. Piaget insists that
teaching students words aids their cognitive development only if the
current level of that development has reached the point where they
can comprehend the concepts represented by the words. Thus,
teaching third-grade students new vocabulary in math may be
ineffective because they do not have sufficient cognitive development
to understand what the meaning of these new words is unless
situations are being created for them to explore. With the games they
had the opportunities to explore and develop their language as an
outcome of their understanding.

Implications for Further Research

To give in a limited study a detailed description of all the
advantages of the use of Educational Games in the classroom, is
impossible, but it is hoped that teachers will be encouraged to explore
further and experiment with their students. I suggest that teachers
play well-designed games; and they design their own games, more
frequently, in order to become more sensitive to their students’
potential, as outlined in my conclusion. The evidence reviewed above,
which is only a sample of one study, suggests that games are an
effective adjunct to teaching, both in terms of attaining teaching
objectives and in terms of motivating students to learn. The literature
strongly suggests that if games are to contribute to the teachers'
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effective teaching, they must be fully incorporated into the curricula.
The successful integration depends on the teachers.

Learning is a lifetime process; it is an integral part of living.
Consciously or unconsciously, one or more of our senses is involved in
every learning experience. In many such experiences, what we learn is
enhanced by the deliberate use of as many senses as possible. Using all
our senses to their fullest capacity in all our learning experiences adds
to the value and satisfaction of these experiences. A lesson learned
with enjoyment is no less fruitful than one learned by grim application.
Knowledge learned with'gratification becomes knowledge to enjoy and
to share. The more we practice this kind of learning, the easier it
becomes to learn with pleasure. Thus, what we learn becomes part of
everyday living to savor for our entire lives. Educators who consider
games educationally valuable cite the games' strong ability to motivate
and their ability to be self judging. That is, the outcome of the game
decides the success; and the players know that they have won or lost
by their own actions. This notion, at least in theory, enables the
teacher to escape from the role of judge and return to her/his original
function, that of teacher or helper for the student (Coleman &
Boocock, 1966).

The findings of my study corroborate the research mentioned
previously. To be more specific, teachers know that motivation
involves stimulating students to action and providing them with an
incentive. Students usually want to be active, to participate, to make
things happen, rather than to be passive spectators. The games in this
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study required active participation. Players manipulated different
components, negotiated, and made decisions; they made things
happen.

Students

had

frequent

opportunities

to

engage

in

mathematical discussions in which reasoning was valued. They were
encouraged to explain their reasoning process for reaching a given
conclusion or to justify why their particular approach to a problem was
appropriate.

The effectiveness of the use of the new learning center, in terms
of construction of knowledge, social and personal, was demonstrated
in my study. Playing with the games appeared to have increased the
students' involvement in the process of social interactions which
resulted in creating a microcosm of society. The students also created
their own knowledge of the concept of multiplication. The results also
indicated that playing, as a part of the learning process, appeared to
have had a great impact on the students' academic performance in
terms of their math and social skills. This study has demonstrated that
an inclusion of educational games can provide an important form of
interactions needed in the classroom.

To get students who are used to working alone to understand or
appreciate collaborative work, can be difficult. Simply moving students
into small groups is not likely to prepare them adequately to work
together well. The tasks they are presented with also make a
difference. The tasks in which students engage—projects, problems,
constructions, applications, exercise, and so on-and the materials with
which they work frame

and focus
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students'

opportunities

for

constructing their knowledge. Tasks provide the stimuli for students
to think about particular concepts and procedures, their connections
with other ideas, and their applications to real-world contexts. Good
tasks can help students to develop skills in the context of their
usefulness.

Specific tasks also convey messages about what mathematics is
and what doing mathematics entails. Tasks that require students to
reason and to communicate mathematically are more likely to promote
their ability to solve problems and to make connections. Such tasks
can illuminate mathematics as an intriguing and worthwhile domain of
inquiry. A central responsibility of teachers is to select and develop
worthwhile tasks and materials that create opportunities for students
to develop these kinds of understanding, competence, interest, and
disposition. For further research, to look at the environments teachers
create in their classrooms and in the different disciplines and to
investigate ways to approach students at different levels of proficiency,
might be interesting. Look at the tasks teachers provide for students
and investigate ways to include them in the curricula.

The present study is an initial inquiry that looks into students'
responses to the use of a new learning center, which is focused on the
concept of multiplication, primarily the use of specifically designed
learning games. Further research on this topic is needed. The present
results indicate that third grade students enjoy playing math games as
an integral part of the learning process. The results also indicate
important findings regarding

students'
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understandings

of new

concepts, their construction of personal and social knowledge, and
the development of language. Implementation of the use of learning
games by other teachers and in other schools, in other disciplines and
in different grades, is necessary. To investigate a wide variety of
possible academic subjects, would be important within the school
system on which the strategies of data collection, as mentioned above,
can be applied. Future studies should attempt to examine the
effectiveness of training programs for teachers based upon the
changes in the students' performances and personal growth.

To conduct a longitudinal study that would look at the students
who had participated in this study would be very interesting. One
could look at the different aspects of their academic performances
(specifically in the mathematical field), as they relate to the findings of
the study, as well as check to see if there is any correlation between
their proficiency in math and the games they played (in comparison to
students who did not participate in the study). One could also study
the interactions among the participating students in other disciplines
(social growth), and look at the development of their social justice in
regard to the findings of the study. Finally, another case study might
be to expose some of the students to additional games, observe their
interactions, and perhaps even allow the students to design games of
their own in different subject areas.
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APPENDIX A

CONSENT FORM

TO:

The Parent(s)/Legal Guardian(s) of_,

FROM:

Batsheva Gillat, Doctoral Student,
School of Education,
University of Massachusetts, Amherst.

RE:

Participation in Research Study on Learning Games.

You may know me as a parent of two students in Fort River
School. I am a teacher with 21 years of experience beginning with the
elementary level and up to the higher education setting. I am also in
the process of completing the requirements for a doctoral degree in
Education at the University of Massachusetts. My dissertation will be a
study of the use of Educational/Learning games in mathematics by
students to increase their motivation in learning and helping them in
understanding concepts in math. More specifically, I am interested in
finding out how educational games motivate students to learn and how
a particular play of a game affects the way they view the subject matter.
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Your son/daughter is in the class that has been chosen to
participate in the study. My study involves a Math learning center
designed and constructed by me. The structure of the Math lessons
will not be changed due to the use of the learning center. I am hoping
that you will agree to your child's participation in the study. If you do,
in the process of the research, I will conduct interviews with you and
with

your

child.

Occasionally,

I

will

videotape

the

students'

involvement in the learning center.

My goal is to analyze the material gathered in the study for
presentation in my doctoral dissertation.

I may also use the

information in journal articles, workshops for teachers, and possibly a
book. However, I will not under any circumstances use the name of
your son/daughter or the name of any other student in the study. I will
refer to this school only as "a public elementary school in western New
England."

I certainly want to encourage you and your child to participate in
the study. On the other hand, I want you to understand that you are
under no obligation to do so. Your child will not be placed at a
disadvantage now or in the future if you choose not to take part.
Furthermore, if you agree now to participate in the study but later
change your mind, you or your child may withdraw at any time without
prejudice.
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In order to take

part in the study, you must have the written

consent signed. A space is provided for your signatures on the form
below. If you have any questions or would like further information
about the study, feel free to call me at home: 256-4235. In signing the
form below, you are agreeing to your taking part in the study under the
conditions set forth above.

Thank you for considering being a part of my study. I look
forward to the possibility of working with you and your child on this
project.

Batsheva Gillat

DO NOT DETACH. PLEASE SIGN AND RETURN THIS FORM.

Participant's

Consent:

I,_,

have

statement above and agree to participate in the study.

Signature of Participant

Date

read

the

Parent/Guardian 's Consent: I,_, have read
the statement above and agree to my son/daughter's participation in
the study.

Signature of Parent/ Guardian

Date

#
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December 13,

1991

Dear Parents,
I'd like to take a few minutes to update you
changes being made in your child’s day.

regarding some

Beginning January 6th, we will be using the HBJ Spelling Program
in conjunction with the Amherst-Pelham program.
Each Monday, your
child will bring home a spelling contract consisting of activities to
be completed at home.
The completed contract will be due the
following Monday, which will also be the day of the posttest. For the
past few weeks we have been working on spelling patterns in class
while I work to coordinate the two programs in a way that should best
suit your child’s needs.
Regarding Math, we are in the middle of a multiplication unit
which began with activities to build the concept and will eventually
progress to computation with double digit multipliers.
I am fortunate
to be working, for the second year now, with a friend and doctoral
candidate at U. Mass, named Batsheva Gillat. She has used her talents
as a shop teacher to design for our use some excellent manipulatives.
We are working together to develop strategies and centers that will be
motivating and increase your child’s understanding of Math concepts.
This year we would like to add a video component to our collaboration.
Videotaping small groups of children at work will provide'me with
data regarding developmental levels and learning styles which would
otherwise be difficult to obtain on a regular basis considering the
pupil-teacher ratio.
Batsheva has requested that you please read the letter included
with this information, and return the signed portion as soon as
possible if you agree to let your child be videotaped. I hope the
letter is self-explanatory, but feel free to contact Batsheva should
you have any concerns.
I would like to stress that the scope and
sequence of concepts to be addressed this year will in no way be
altered by your child’s participation in this project.
It is our hope
to address these concepts with activities that more closely follow the
recommended standards of the National Council of Teachers of
Mathematics (NCTM).
We have strengthened the Reading-Writing connection over the past
few weeks by reading historical fiction and writing book reports using
a model that we’ve learned during Writers’ Workshop.
We have finished
our reports and many of the children have decided to write their final
report using their very strong cursive writing skills.
It is my hope
that by "walking them through" this first book report, the children
will be able to write book reports using this model with ease in the
future.
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Next week we will begin a creative writing unit modeled after the
books by Chris Van Allsburg.
The children will set their stories in a
city and create characters whose ordinary travels lead them to
unexpected, extraordinary places.
Our Social Studies unit on Boston and its comparison to other
cities around the world will continue after the vacation. On Monday,
we hope to celebrate the anniversary of the Boston Tea Party with our
own real tea party as we read about and re-enact parts of that
historic event.
Lf you have any herb tea, and could spare a few bags.
please send them to school with vnnr
rm
.
Lastly, we could use some more donations of Kleenex as the flu
season is definitely here.
We are also trying to collect as many of
the colorful plastic caps from gallon jugs as possible to use with our
math games.
I’d like to take this opportunity to thank you for the
tremendous
support you have shown me this year.
I look forward to our continued
work together in 1992.

Sincerely,
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APPENDIX C

QUESTIONS FOR TEACHER S INTERVIEWS

1. When did you decide to become a teacher?
2. What led you to make that decision?
3. What were your perceptions of teaching when you were in college?
4. How do you perceive teaching as it is today?
5. What is your philosophy of education today?
6. Using a metaphor, what is your philosophy of teaching?
7. How do you view your students?
8.

I've observed that you give a lot of positive reinforcement and
feedback to your students. Am I correct?

9. How do you measure your success as a teacher?
10. What is the daily schedule of your class?
11. Do you have any control over the daily schedule?
12.

Does it have anything to do with the structure of the quads and
the way they are divided among 4 teachers?

13. Was it your decision to team up with the other teachers?
14. Is there any collaboration between you and the other 2 teachers?
15. How can you teach when you have all this noise around?
16.

As mentioned before, you were able to move math from the
morning to after lunch. Do you perceive any difficulties on the
children's part, because of this transition?
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17. What is the reputation of the school in the community?
18. How would you describe the school?
19.

How do students perceive the school?
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APPENDIX D

QUESTIONS FOR TEACHER S INTERVIEWS

1. LEARNER OBJECTIVES
a. Content - What will students be learning?
b. Process - How will students be learning?
c. Rationale - Why are students learning this content?

2. ASSESSMENT
a. What processes will be used to check for the students'
understanding in class?
b. What processes will be used to check for the students'
understanding at the end of each lesson/unit?

3. INSTRUCTIONAL STRATEGIES
a.

What

special

resources,

questioning

motivational techniques will be used?

4. OBSERVER FOCUS
a. What is the major focus of data collection?
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APPENDIX E

GUIDELINES FOR TEACHER’S INTERVIEW

1. How do you help students work together to make sense of
mathematics?
2.

How do you help students rely more on themselves to determine
whether something is mathematically correct?

3. How do you help students learn “how to reason mathematically?
4.

How do you help students learn to conjecture, invent, and solve
problems?

5.

How do you help students to connect mathematics to its ideas, and
to its applications?

6. How do you select goals for the students to achieve?
7.

How do you select mathematical tasks to help students achieve
these goals?

8.

How do you stimulate and manage classroom discourse so that the
students are clear about what is being learned?

9.

What do you do in order to create a classroom environment that
supports the teaching and learning of mathematics?

10. How do you analyze students' learning, the mathematical tasks, and
the environment in order to make ongoing instructional decisions?
11. How do you model good mathematics teaching?
12. How much of mathematical pedagogy do you know?

235

13. What is your philosophy of education?
14. What do you do in order to develop your skills as a teacher of
mathematics?
15.

How

do

you

orchestrate

the

discourse

in

the

learning

environment?
16. How do you provoke students' reasoning regarding mathematics?
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QUESTIONS FOR STUDENTS’ INTERVIEWS

1. How do you feel about mathematics?
2. What does it mean to learn mathematics?
3. Why do you think you have to learn mathematics?
4. Is there anything difficult for you in learning mathematics?
5.

What do you think the teacher does in order to explain to you
things that you don't understand?

6.

If you could suggest to your teacher how to teach mathematics in a
way that will be better for you, what suggestions would you give
her?

7. What do you think about the math learning center?
8. Did you have a chance to play with all the games in the center?
9. Did you use the pawn boards for helping you to find the answers?
10. Did you like using the pawn boards? What did you like about them?
(if did not like them, why not).
11. While playing the Bingo, what strategy did you use in order to find
the answers?
12. Did you change your strategies as you learned more tables?
13. Tell me about some of the different ways you used in order to find
the answers.
14. Did you reach a level of discomfort in using the pawn boards? (If
yes, when was it?)
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15. What did you do after you decided not to use the pawn boards
anymore?
16. How did you decide at which level you wanted to play?
17. Was it important for you to win the game?
18. Is there any difference between "winning" and "succeeding"?
19. Did you help your opponent in the course of playing the game? If
yes, how did you feel while helping your friend with the answer?
20. How did you feel when you lost the game?
21. How did you make decisions regarding how to play the games?
22. Did you like making your own rules for the game?
23. Did it make a difference to you if your opponent played with a
different level board?
24. How did you decide what is FAIR and what is not?
25. What did you like the most about the different games?
26. Do you think you have learned something new while playing with
any of the games?
27. How did you know, when you found the correct answer to a
question that you know?
28. What do you think you have learned?
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QUESTIONS FOR PARENTS' INTERVIEWS

1. Tell me about your experiences in learning mathematics.
2. Can you remember if there was anything you wanted to change?
3.

If you could now change now things you wanted to change than,
what would you have done differently?

4.

What do you know about the program and the curriculum in your
child's class?

5.

How much of what is going on in school do you hear from you
child?

6. What do you know about the new learning center currently used in
your child's classroom?
7.

What can you tell me about your child's feelings regarding the
learning of Multiplication?

8. Did your child have any difficulties in understanding the concept?
9. Did your child ask you for any kind of help?
10. Did you feel you could provide your child with the help he/she was
seeking?
11. What do you know about the different games in the new learning
center?
12. Is there any thing that you have heard from your child regarding
the new learning center that you can share with me?
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Name

K-A

Egbert sells eggs. He wants to make a carton
which will hold 20 eggs. Each row in the carton
must hold the same number of eggs. How many
ways can Egbert make the carton?

That's
eggs-actly
the same as
a carton
vohich has
6 rows with
2 eggs in each.

YOU CAN DO IT.

1. If Egbert makes a carton with 4 rows,
how many eggs would be in each row?
2. Could Egbert make a carton with 5 rows?
Would this carton be different from
the one with 4 rows?

^SOLVING-

STRATEGIES.

(j PROBLEM*
^ SOLVING
STRATEGIES
• draw a
picture

• ma«c a tabic
• riND A PATT(PN
• uM Physical

3. Could Egbert make a carton with 6 rows?

mcdcls

• ust LOGICAL
PC ASONING
• WOP K
BACKWARD

4. How many ways can Egbert make
the carton?

• list ALL

Possibilities

Q

• TRY ANO
chcc
• MA*C jA GRAPH

243

HERE 5

the key. use problem-

j

REFERENCES

Abt, C. C. (1965). Games for learning. Occasional paper No. 7, The
Social

Studies

Curriculum

Program,

Cambridge,

Mass.:

Educational Services, Inc.
Avedon, E. M. & Sutton-Smith, B. (1971). The study of games. New
York: John Wiley & Sons.
Balka, D. (1983). Mathematics Manipulatives in a Pre-Vocational
Program: Teacher Inserviee and Classroom Research. (Eric
Document Reproduction Service No. ED237739).
Barnard, E.

(Ed. ). (1858). Jean Jacques Rousseau. The American

Journal of Education. 5, 459-486.
Benjamin, S. (1989). An ideascape for education: What futurists
recommend.

Educational Leadership. 47(1), 8-14.

Blais, D. M. (1988). Constructivism--a theoretical revolution for
algebra. Mathematics Teacher. November, 624-631.
Bloom, B. S. (1986). A discussion about instruction and learning,
teachers and schools. (An interview with B. S. Bloom). NASSP
Bulletin. November 1986: 53-69.
Bloom, B, S. (1986). A summary of recent research. Principal.
November 1986: 6-10.
Bloom, B. S. (1988). Helping all children learn in elementary school—
and beyond. Principal. March 1988: 12-17.

244

Bogdan, R., and Taylor, S. J. (1975). Introduction

to

qualitative

methods: A phenomenological approach to the social sciences.
New York: John Wiley and Sons.
Bogdan, R. C., and Biklen S. K. (1982). Qualitative research for
education. Boston: Allyn and Bacon, Inc.
Boocock, S. S. & Coleman, J. S. (1966). Games with simulated
environments in learning. Sociology of Education.

Summer

39(3): 215- 236.
Boocock, S. S. & Schild, E. O. (1966). Simulation game in learning.
Beverly Hills, CA: Sage Publications, Inc.
Brophy, J. (1987). Synthesis of research on strategies for motivating
students to learn. Educational Leadership. October 1987: 40-48.
Bruin, K. (1985). Prejudices, discrimination and simulation/ gaming.
Simulation and Games. 16: 161-173.
Bruner, J. S. (1961).

The act of discovery. Harvard

Educational

Review. 31(1). 21-32.
Bruner, J. S. (1961, 1963).

The process of education. New York:

Vintage Books.
Bruner, J. S. (1966). Toward a theory of instruction. Cambridge, Mass.:
Harvard University Press.
Bruner, J. S. (1971).

The relevance of education. New York: W. W.

Norton & Co.
Bruner, J. S. (1983).

Play, thought, and language. Peabodv Journal of

Education. 1983.

245

Bruner, J. S. (1986). Actual Minds. Possible Worlds. Massachusetts,
Cambridge: Harvard University Press.
Burke, P. (1985). Vico. Oxford: Oxford University Press.
Callan,

E.

(1982).

Dewey's conception of education as growth.

Educational Theory. Winter 1982, 32(1): 19-26.
Campbell, H. M. (1971). John Dewev . New York: Twayne Publishers.
Carlson, E. (1969). Learning through games. Washington, DC: Public
Affairs Press.
Carlson, J. & Tully, P. (1985). Leaming-by-doing centers: A program to
foster problem-solving skills of learning disabled students.
Teaching Exceptional Children. Summer 1985: 305-309.
Chambliss, J. J.

(1982). John Dewey's conception of educative

experience: A response to Donald Vandenberg's "Education or
Experience?" Educational Theory. Spring 1982, 32(2): 73-79.
Coleman, J. S. (1966). In defense of games. American Behavioral
Scientist. October 1966: 3.
Coleman, J. S. (1967). Learning through games. NEA Journal. January
1967: 69-70.
Coleman, J. S. (1969). Games as vehicles for social policy. American
Behavioral Scientist. 12: 2-6.
Coleman, J. S. (1976). Differences between experiential and classroom
learning. In M. T. Keeton (Ed.) Experiential learning: Rationale,
characteristics and assessment. San Francisco: Jossey-Bass.

246

Coleman, J. S.

(1978).

Information processing and experiential

processing: Two models of learning. In R. S. Tuscaloosa (Ed.).
The handbook of simulation gaming in social education. Part I:
Textbook. Institute of Higher Education Research and Services,
U. of Alabama.
Coleman J. S. & Boocock, S. S. (1967). Games with simulated
environments in

learning.

Sociology

of Education. 39(3).

Summer 1966: 216.
Connell, W. F. (1980). A history of education in the twentieth century
world. New York: Teachers College Press.
Copple, C., Siegel, I. E. & Saunders, R. (1984). Educating the young
thinker: Classroom strategies for cognitive growth. Hillsdale, NJ:
Lawrence Erlbaum Associates.
Costigan, L. L. (1984). Debriefing. Simulation and Games. 15: 415-431.
Cratty, B. J. (1971/1985). Active Learning. Games

to

Enhance

Academic Abilities. Englewood Cliffs, New Jersey: Prentice- Hall,
Inc.
Crew, A. (1987). A rationale for experiential education. Contemporary
Education. 58: 145-147.
Dennis, L. J. & Stickel, G. W. (1981). Mead and Dewey: Thematic
connections

on

educational topics.

Educational

Theory.

Summer/Fall 1981, 31(3 & 4): 319-331.
Dewey, J. (1916). Democracy and education. NY: MacMillan.
Dewey, J.

(1931/1979). The wav out of educational

Connecticut: Greenwood Press.
Dewey, J. (1933).How we think. Boston: D.C. Heath & Co.

247

confusion.

Dewey. J. (1938/1972). Experience and education. New York: Colliner
Books.
Dewey, J. & Childs, J. L. (1933/1969). The social-economic situation
and education. In W. H. Kilpatrick (Ed.). The educational frontier
(pp. 32-72).
Dorn, D. S. (1989).

Simulation games: One more tool on the

pedagogical shelf. Teaching Sociology. 17: 1-18.
Duckworth, E.

(1964). Piaget rediscovered. In R. Ripple and V.

Rockcastle (Ed.) Piaget rediscovered: A report of the conference
on cognitive studies and curriculum development. Ithaca, New
York.
Duley, J. S. & Permaul, J. S. (1984). Participation in and benefits from
experiential education. Educational Record. 65:18-23.
Edwards,

D.

& Mercer,

N.

(1987).

Common

development of understanding in the

knowledge:

classroom.

The

London:

Methuen & Co.
Ernest, F. (1953). How dangerous is John Dewey. Atlantic Monthly.
191 (5). 59-62.
Ernest, P. (1986). Games. A rational for their use in the teaching of
mathematics in school. Mathematics in School. January 1986,
15(1): 2-5.
Feyersbend, P. (1975) Against method. London: Verso.
Gager, R. (1977). Experiental education: Strengthening the learning
process. Vovajuer. October 1977.

248

Gagne, R. N. (1966). Varieties of learning and the concept of discovery.
In L. S. Shulman & E. R. Keislar (Ed.). Learning bv discovery: A
critical appraisal. Chicago.
Gagne, R. M. (1976). The learning basis of teaching methods. In N. L.
Gage (Ed.). The psychology of teaching methods: The seventyfifth yearbook of the national society for the study of education.
Part I (pp. 21-43).
Glaser, B. G., and Strauss, A. L. (1967). The discovery of grounded
theory: Strategies for qualitative research. New York: Aldine
Publishing Company.
Glasersfeld, E. von (1987). The construction of knowledge. Seaside,
California: The Systems Inquiry Series.
Glasersfeld, E. von (1988). An exposition of radical constructivism.
Draft prepared for "Texts in Cybernetic Theory," Special Fall
Conference of ASC.
Glasersfeld, E. von (1988). Cognition, construction of knowledge, and
teaching. National Science Foundation, Washington, D.C. (Eric
Document Reproduction Service No. ED294754)
Glasersfeld, E. von (1989). An exposition of constructivism: Why some
like it radical. Amherst, Massachusetts: Scientific Reasoning
Research Institute. (Eric Document Reproduction Service No.
ED309935).
Glasersfeld,

E. von (1989). Abstraction,

reflection,

an

interpretation

re-presentation,

of experience

and

and

Piaget's

approach. (Eric Document Reproduction Service No. ED306120)
Glasersfeld, E. von (1989). Knowing without metaphysics: Aspects of
the radical constructivist position. (Eric Document Reproduction
Service No. ED304344).

249

Goffin, S. G. Cooperative behaviors: They need our support. Young
Children. January 1987: 75-81.
Goffin, G. G. & Tull, C. Q. (1985). Problem solving: Encouraging active
learning. Young Children. March 1985: 28-32.
Gold, R. (1958). Roles in sociological field observations. Social Forces.

36, 217-223.
Goldberg, S. (1985). Growing With Games. The University of Michigan
Press.
Goodlad, J. I. (1984). A place called school: Prospects for the future.
New York: McGraw-Hill.
Goodman, P. (1964). Compulsory mid-education. New-york: Vintage
Books.
Gordon, A. K. (1970). Games for growth. Palo Alto, Calif.: Science
Research Associates.
Greenberg, E. (1978). The community as a learning resource. Journal
of Experiential Education. Fall 1978: 22-25.
Gurney, B. (1989). Constructivism and professional development: A
streoscopic view. Paper presented at the annual meeting of the
National Association for Research in Science Teaching, San
Francisco, March, 1989. (Eric Document Reproduction Service
No. ED305259).
Harvey, J. G. & Bright, G.W. (1985). Mathematical games: Antithesis or
assistance? Arithmetic Teacher. Feb. 1985: 23-26.

250

Hayden, R. W. (1983). A historical view of the 'new mathematics.
Research

paper presented

at the

annual meeting of the

American Educational Research Association, April, 1983. (Eric
Document Reproduction Service No. ED228046)
Henderson, J. G. (1982). Five ways to combine work with play. Illinois
Schools Journal: 61-64.
Hendrikson, L. (1984). Active Learning. (Eric Document Reproduction
Service No. ED253468).
Henkins-Matzke, A. & Abbott, D. A. (1986). Game playing: A method
for reducing young children's fear of medical procedures. (Eric
Document Reproduction Service No. ED291498).
Henniger, M. L. (1987). Learning mathematics and science through
play. Childhood Education. Feb. 1987:167-171.
Henson, K. T. (1986). Inquiry learning: A new look. Contemporary
Education. Summer 1986, 57(4): 181-183.
Hill, P. J. (1984). A Deweyan perspective on higher education. Liberal
Education. 70(4): 307-313.
Hill, W. F. (1985). Learning: A survey of psychological interpretations.
New York: Harper & Row.
Hitz, R. (1987). Creative problem solving through music activities.
Young Children. January 1987: 12-17.
Huizinga, J. (1955). Homo ludens. Boston: Beacon Press.
Inbar, M. (1966). The differential impact of a game simulating a
community disaster. American Behavioral Scientist. X. October
1966: 18-27.

251

Inhelder, B. & Piaget, J. (1958). The growth of logical thinking from
childhood to adolescence. London: Routledge and Kegan Paul.
Johnson, D. W. (1979). Educational psychology. Englewood Cliffs, N.J.:
Prentice-Hall.
Joplin, L. (1981). On defining experiential education. Journal of
Experiential Education. Spring 1981:17-20.
Kamii, C. (1982). Constructivist education: A direction for the twentyfirst century. Paper presented at lecture given in celebration of
the 10th Anniversary of Circle Children's Center. Chicago, IL,
January

1982.

(Eric

Document Reproduction

Service

No.

Ed221297).
Kamii, C. (1982). Autonomy: The aim of education envisioned bv Piaget.
Kamii, C. (1985). Can there be excellence in education without
knowledge of child development? Paper presented at the annual
conference of the Chicago Association for the Education of Young
Children.

Chicago,

IL,

February

1985.

(Eric

Document

Reproduction Service No. ED254333).
Kamii, C. (1985). Leading primary education toward excellence. Young
Children. September 1985: 3-9.
Kamii, C. & DeVries, R. (1980). Group games in early education:
Implications of Piaget s theory. Washington DC: The National
Association for the Education of Young Children: 2.
Kilpatrick, W. H. (1918). The project method. Teachers
Record. 19.

319-351.

252

College

Kliebard, H. M. (1985). What happened to American schooling in the
first part of the twentieth century? In E. Eisner (Ed.). Learning
and teaching the wavs of knowing: Eightv-fourth yearbook of the
national society for the study of education (pp. 1-22). Chicago:
The University of Chicago Press.
Kline, M. (1980). Mathematics: The loss of certainty. London: Oxford
University Press.
Kohlberg, L. & Mayer, R. (1972). Development as the aim of education.
Harvard Educational Review. November 1972, 42(4): 123- 170.
Kolb, D. (1974). Organizational

Psychology. Englewood Cliffs, NJ:

Prentice-Hall.
*

Kolb, D. (1984). Experiential learning. Englewood Cliffs, NJ: PrenticeHall.
Kolb, D. & Lewis, L. H. (1986). Facilitating experiential learning:
Observations and reflections. In L. H. Lewis (Ed.). Experiential
and simulation techniques for teaching adults, p. 99-107, San
Francisco: Jossey-Bass
Kozol, J. (1967). Death at an early age: The destruction of hearts and
minds of negro children in the Boston Public Schools. New York:
Houghton Mifflin.
Kuhn, T. S. (1962). The structure of scientific revolutions. Chicago:
University of Chicago.
Labinowicz,

E.

(1980). The Piaget primer: Thinking,

learning,

teaching. California: Addison Wesley.
Lakatos, I. (1976). Proofs and refutations: The logic of mathematical
discovery. Cambridge, England: Cambridge University Press.

253

Lewin, P. (1987). Constructivism and the Epistemic Object. Paper
presented at the Annual Symposium of the Jean Piaget Society,
Philadelphia, PA, May 1987.

(Eric Document Reproduction

Service No. ED284679).
Lima, L. O. (1983). Archaic scholing, creative schooling. Prospects.
13(2): 145-160.
Lincoln, Y. S. and Guba, E. G. (1985). Naturalistic inquiry. Beverly Hills:
Sage.
Loomis, L. J. & Prickett, C. (1985) Applying learning principles and
theories to vocational education. Northern Arizona University,
Flagstaff. Center for Vocational Education. (Eric Document
Reproduction Service No. ED282028)
Lynd. A. (1953). Who wants progressive education: The influence of
John Dewey in the public school. Atlantic Monthly. 191(5). 2931.
Mason, J. B. (1990). Self-directed learning: A Dewevan reconstruction.
(Eric Document Reproduction Service No. ED319769).
Massailas, B. G. (1985). Discovery and inquiry-based programs. In T.
Husen

& T.

N.

Postlethwaite

(Eds.).

The

international

encyclopedia of education: Vol.3 (pp. 1415-1419). New York:
Pergamon Press.
McGill, J. (1984). Play for play's sake: Cooperative games as a strategy
for integration. Canada, Ontario: National Institute on Mental
Retardation.

(Eric

Document

Reproduction

Service

No.

ED276175).
McKenney, J. L. & Dill, W. R. (1966). Influences of learning in
simulation games. American Behavioral Scientist. X, October
1966: 32.

254

Mosley, F. (1986). Count me in - Games for all. Mathematics in School.
January 1986, 15(1): 6-9.
Mulac, M. E. (1977) Perceptual games and activities. New York: Harper
& Row, Publishers.
Muthall, G. & Snook, I. (1973). Contemporary models of teaching. In
R. M. W. Travers (Ed.).Second handbook of research on teaching
(pp. 47-76). Chicago: Rand McNally.
Myers, J. (1989). Making invitations that encourage active learning.
Journal of Reading. March: 562-565.
%

Narode, R. B. (1987). Constructivism in math and science education.
(Eric Document Reproduction Service No. ED290616).
Neill, A. S. (1960).Summerhill: A radical approach to child rearing.
New York: Hart.
Nesbitt, W. A. (1971) Simulation games of the social studies classroom.
Foreign Policy Association.
Ozmon, H. A. & Craver, S. M. (1986) Philosophical foundations of
education. Columbus. Ohio: Merrill Publishing Company.
Parker, R. (1984). Small group cooperative learning in the classroom.
OSSC Bulletin. 27(7). (Eric Document Reproduction Servise No.
ED242065)
Patton, M. Q. (1980). Qualitative evaluation methods. Beverly Hills:
Sage Publications.
Pfueze, P. (1954). Self, society, existence. NY: Harper.

255

Piaget, J. (1929). The child's conception of the world. New York:
Harcourt & Brace.
Piaget, J. (1954). The construction of reality in the child. New York:
Basic.
Piaget, J. (1962). Plav. dreams, and imitation. NY: Norton
Piaget, J.

(1970). Genetic

epistemology.

New York:

Columbia

University Press.
Piaget, J. (1973). To understand is to invent: The future of education.
New York: Grossman.
%

Piaget, J. & Inhelder, B. (1967). The child's conception of space. New
York: Norton.
Powell, L. E. (1989). Active learning: Positive impact for schools and
democratic society. (Eric Document Reproduction Service No.
ED307702).
Postman, N. & Weingartner, C. (1969). Teaching as a subversive
activity. New York: Dell Publishing.
Pratton, J. (1986). The effects of active participation on student
learning. Journal of Educational Research. March/April 1986,
79(4): 210-215.
Quinsland, L. K. & Yust, W. (1982). Growing up deaf: Developmental
perspectives on experience and learning. Paper presented at the
10th annual conference of the Association for Experiential
Education, Areata, Ca.
Ramirez,

A.

I.

(1983).

Three

theories

of

learning

and

their

implications for teachers. (Eric Document Reproduction Service
No. ED253635).

256

Ravitch, D. (1983). The troubled crusade: American education. 19451980. New York: Basic Books.
Rogers, P. J. & Miller, J. V. (1984). Playway mathematics: Theory,
practice and some results. Educational Researcher. June-July
1984, 13(6): 4-16.
Rosenbaum, L., Behounek, K. J., Brown, L. & Burcalow, J. V. (1989).
Step into problem solving with cooperative learning. Arithmetic
Teacher. March 1989: 7-11.
Rousseau, J. J. (1762/1957). Emile (B. Foxley, Trans.) New York: E. P.
Dutton & Co.
Rusk, R. R. (1956). The philosophical bases of education. Boston:
Houghton Mifflin.
Sahakian, M. L. & Sahakian, W. S. (1974). Rousseau as educator. New
York: Twayne Publishers.
Scheer, J. K. (1985). Manipulatives make math meaningful for Middle
Schoolers. Childhood Education. November/December 1985:
115-121.
Seeman, M. (1966). Antidote to alienation-learning to belong. TransAction. III. May-June 1966: 35-39.
Seiler,

W.

J.,

Schuelke,

L.

D.,

&

Lieb-Brilhart,

B.

(1984).

Communication for the contemporary classroom. New York:
Holt, Rinehart & Winston.
Shirts, R. G. (1989). The second revolution. Simulation and Games.
20(2), June 1989:130-143.

257

Smith, P. Z. & Smith, H. A. (1989) The educational philosophies nf
John Dewev and Confucius: A comparison. Paper presented at
the annual meeting of the Mid-South Educational Research
Association, Nov. 1989. (Eric Document Reproduction Service
No. ED314389)
Spring, J. (1986). The American

school

1642-1985. New York:

Longman.
Staver, J. R. (1986). The constructivist epistemology of Jean Piaget: Its
philosophical roots and relevance to science teaching and
learning. Paper presented at the U. S. - Japan Seminar on
Science Education, Honolulu. (Eric Document Reproduction
Service No. ED278563)
Stolovitch, H. (1984). Frame games and game chains: A technology for
interactive teaching/ learning. (Eric Document Reproduction
Service No. ED298907).
Sugarman,

L.

(1985).

Kolb's

model

of

experiential

learning:

Touchstone for trainers, students, counselors, and clients.
Journal of Counseling and Development. 64: 264-268.
Suppes, P. (1969). Thinking is Child's Play. New York: E. P. Dutton &
Co. Inc.
Swartz-Tetrault, A. M.

(1989). Facilitating critical

thinking dispositions

in

and creative

children. Paper presented at the

meeting of the American Association of Orthopsychiatry. New
York, March 1989. (Eric Document Reproduction Service No.
ED304235).
Swetz, F. J. (1986). The history of mathematics as a source of
classroom problems. School Science and Mathematics. January
1986, 86(1): 33-38.

258

Tapson, F. (1986). Organizing games in the classroom. Mathematics in
School. January, 15(1): 50-53.
Tobin, K., Capie, W., & Bettencourt, A. (1988). Active teaching for
higher

cognitive

learning

in

science. Journal

of Science

Education. 10(1). 17-27.
Toffler, A. (1974). The psychology of the future. In A. Toffler (Ed.).
Learning for tomorrow (pp3-18). New York: Random House.
Toffler, A. (1970). Future shock. New York: Random House.
Toffler, A. (1980). The third wave. New York: William Morrow and Co.
%

Vuik,

R.

(1981).

Overview

and

critique

of

Piaget's

genetic

epistemology. New York: Academic Press.
Wagner, G. (1964). Social studies games and activities. Darien, Conn.:
Teachers Publishing Corporation.
Warren,

B.

L.

(1988).

Designing games.

Gifted

Child

Today.

March/April, 1988: 12-15.
Waters, W. V. (1988). Constructivist theory into practice in a secondary
linguistic minority classroom: Shared teacher and
responsibility for learning.

(Eric

student

Document Reproduction

Service No. ED301878).
Weil, M. L. & Murphy, (1982). Instruction process. In H. E. Mitzel
(Ed.). Encyclopedia of educational research: Vol. 2 (pp. 890917). New York: The Free Press.
Whipple, G. M. (Ed.). (1934). The activity movement: The thirty-third
yearbook of the national society for the study of education. Part I.

259

Wigginton, E. (1989). Foxfire grows up. Harvard Educational Review.
59(1), 24-49.
Wilcox, R. T. (1987). Rediscovering discovery learning. Clearing House.
October 1987, 53-56.
Williams, C. K. & Kamii, C. (1986). How do children learn by handling
objects. Young Children. November: 23-26.
Williams, M. (1986). The place of games in primary mathematics.
Mathematics in School. January 1986, 15(1): 19.
Williamson, J. (1979). Designing experiential curricula. Journal of
Experiential Education. Fall 1979:15-18.
Wirth, M. J. (1976). Teachers Handbook of Children Games: A Guide to
Developing

Perceptual-Motor

Skills.

New York:

Parker

Publishing Company, Inc.
Wilson, A. L. & Burket, L. (1989). What makes learning meaningful.
Paper presented at the annual meeting of the American
Association for Adult and Continuing Education. Atlantic City, NJ,
October

1989.

(Eric

Document Reproduction

Service

No.

313586).
Wittrock, M. C. (1966). The learning by discovery hypothesis. In L. S.
Shulman & E. R. Keislar (Eds.). Learning bv discovery: A critical
appraisal (pp. 33- 76). Chicago: Rand McNally.
Wolf, S. & Wolf, C. (1974). Games Without Words. Illinois: Charles C.
Thomas.
Woolover, R. M. & Scott, K. P. (1987) Active learning in social studies:
Promoting cognitive and social growth. Illinois: Scott Forsman.
The World Book Encyclopedia. Chicago: World Book, Inc.

260

Zuckerman, D. & Horn, R. (1977). Guide to simulation: Games for
education and training. Cranford. NJ.: Didactic Systems.

261

•

7

.

.

